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ABSTRACT 
Objectives: To evaluate accelerated and real time aging effect on microstructure and mechanical 
properties of different types of zirconia’s with various surface treatments. 
Methods: In this in-vitro study 830 discs were prepared from four Y-TZP based materials. These 
materials were TZ-3YSB-E, ZPex®, ZPex® Smile (Tosoh Corporation, Japan), and Cercon®xt 
extra translucent zirconia (Dentsply-Sirona). Final dimensions of each specimen disc were about 
15 mm in diameter and 1.5 mm thick. An accelerated aging process for 5, 24, and 168 hours of 
steam aging at 134°C under a pressure of 0.2 MPa was applied to the specimens. Real time aging 
was performed for one year in normal saline solution at 37°C in an incubator. Sandblasting was 
performed using a PrepStar® system with Al2O3 50μm particle size at pressure of 60 psi, rate 4.2 
gram/minute. Grinding with a Buehler AutoMet 250 was performed using a 240 μm diamond disc 
with a 0.0034 kg/mm2 load and speed of 120 rpm for two minutes. Bruker D8 advance 
diffractometer was used for the acquisition of X-ray diffraction (XRD) spectrum. Biaxial flexural 
strength was determined using a ball-on-three-balls configuration in a universal testing machine. 




Results: The results of this study show that the zirconia materials with smaller grain size have 
higher flexural strength. Sandblasting and grinding treatment increases the tensile flexural strength 
of TZ-3YSB-E and ZPex® compared to the controlled group of the same material. XRD analysis 
shows that TZ-3YSB-E at room temperature does not have any monoclinic phase before surface 
treatment and it increased after aging, sandblasting and grinding. Cercon®xt has the highest 
amount of cubic phase and it increases with surface treatment. 
Conclusion: Sandblasting surface treatment should not be applied to all types of zirconia and it 
has to be material specific. Within the scope of this study, accelerated aging process did not affect 
the grain size of all materials control groups. The smaller grain size of zirconia is correlated to 
higher flexural strength of the material. The smaller amount of cubic phase present is correlated to 
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CHAPTER 1: INTRODUCTION 
Restorative dental materials are categorized into metallic and non-metallic. 
Amalgam has been used for many years as one of the main metallic dental restorative 
materials. Numerous disadvantages draw the attention away from metallic restorations 
toward non-metallic restorations such as patient preference, cost, metallic color. Amalgam 
restoration for example, have had several local adverse effects as has been reported in the 
literature such as amalgam tattoos, burning mouth syndrome, orofacial granulomatosis and 
rarely oral lichen planus.1 Amalgam complication is not limited to oral health but it might 
extend to systematic complications.2 There are several organizations against the use of 
amalgam especially in Europe. The European Union (EU) presented in 2017 a Mercury 
Regulation recommending a national action plan for complete phase-down of amalgam by 
2030.3 Dental ceramics, glass-ionomers and composite resin materials are recommended 
alternatives as they have long history of use in dentistry, exceptional biocompatibility 
acceptable mechanical properties and more importantly tooth colored aesthetic appearance. 
Ceramics are non-metallic inorganic materials which involve a combination two or more 
elements. The Greek word “keramos,” is the origin of ceramics which means “potter” or 
“pottery.” This came from an ancient India language (Sanskrit) meaning “burned earth,” 
because this is the method of manufacturing pottery from heated clays.4 There are different 
classifications for dental ceramics. Based on microstructure of the ceramics they are 





Figure 1: Classification of dental ceramics based on microstructure 
Category 1: Glass-Based Systems, Amorphous Glass 
This material was the first to be used in dentistry in making porcelain dentures. It 
consists of silicon dioxide (silica or quartz) mainly and alumina, aluminosilicates 
(feldspars). There are two forms of aluminosilicate glasses either naturally occurring or 
synthetic. Both forms have low flexural strength which range from 60 MPa to 70 MPa. 
They are used for the fabrication of veneers or for veneering metal or ceramic 
substructures.  
Category 2: Glass-Based Systems with Crystalline Second Phase, Porcelain 
This material has variability of glass-crystalline ratios and crystal types. It has 
comparable glass composition as the glass-based systems. The main difference is varying 
amounts of crystal types (leucite, fluorapatite or lithium disilicate) by adding or growing 
them in the glass matrix. This material is available in either powder or machinable blocks. 
The machinable blocks used in fabrication of inlay/onlay restoration have the lowest failure 




Examples of this class includes Vitablocs Mark II from Vident and Sirona CEREC Blocs 
by Vita. 
Subcategory 2.1 Low-to-Moderate Leucite-Containing Feldspathic Glass 
This material is known as feldspathic porcelain even though it is not the only 
material. Leucite content will control the coefficient of thermal expansion (CTE) of the 
material which will reduce crack propagation and increase the strength of the material. 
Generally, the material is available as a powder/liquid for veneering core materials and as 
veneer restorations. The first material made includes leucite crystals of random sizes 
(several hundred microns) and distributions. This leads to lower flexural strengths and 
higher abrasive properties compared to the newer generations which contains leucite 
crystals of 10 μm to 20 μm and very even particle distribution throughout the glass of the 
material.8,9 
Subcategory 2.2 High-Leucite (Approximately 50%)-Containing Glass, Glass-
Ceramics 
This material is provided as a homogeneous glass and consists of a matrix 
surrounding a second phase of individual crystals. A secondary heat treatment grows 
crystals that provide the material with enhanced mechanical properties because of the 
presence of the crystals and compressive stress around them. Other factors affect the 
properties enhancement including interaction of the crystals and glassy matrix, size and 
amount of crystals. Dispersion strengthening which is defined as adding a second phase to 
a glass material is a primary technique used to improve strength and fracture resistance. 
The material is available as either pressable such as Empress® or machinable such as 




resistance than powder/liquid systems with higher clinical success for inlay and onlay 
applications and anterior veneer and crown restorations.10,11 
Subcategory 2.3 Lithium-Disilicate Glass-Ceramics 
As the name indicated, this material contains lithium and silicate in its structure. 
The lithium-disilicate crystals are embedded in lithium silicate material. One common 
example of this subcategory is emax. This material has a high crystal content and small 
crystal size to improve the mechanical properties offering flexural strength of 360 MPa. 
About 70% crystal content of lithium disilicate that are about 2 microns wide and 7 microns 
long. This material is available in two forms either pressable or machinable ceramics. The 
main characteristics of this material is etchable and translucency. It can be more translucent 
by adding more crystalline content because of the low refractive index of the lithium-
disilicate crystals.12 
Category 3: Interpenetrating Phase Ceramics 
The principle of manufacturing these materials was introduced in 1988. These 
materials are available as a block form for CAD/CAM systems. One of the common 
examples of this group is In-Ceram (interpenetrating phase composites).13 They consist of 
two inter-connected phases or more extend from inside to the outside surfaces. It is 
manufactured by creating a matrix with pores, a ceramic “sponge” in the case of In-Ceram 
material. A second-phase material, lanthanum aluminosilicate glass, is fired and fills the 
pores by using capillary action to create the dense interpenetrating material. The material 
has enhanced mechanical and physical properties as compared to the original individual 
components. Some examples of this category are In-Ceram Spinell (alumina and magnesia 




Category 4: Polycrystalline Solids 
This material is a solid, air-free, and glass-free polycrystalline structure. It is 
manufactured by sintering crystals together without any intervening matrix. Procera® 
AllCeram alumina was the first polycrystalline material introduced by Nobel Biocare 
which had strength of 600 MPa.14. Polycrystalline solids are manufactured as either 
aluminous oxide (alumina, Al2O3) or zirconium oxide (ZrO2). The zirconia used in 
dentistry contains other components like metal oxides which help in stabilizing the 
material. These minor components are for example calcia (CaO), magnesia (MgO), yttria 
(Y2O3), and ceria (CeO2) that help in partially stabilizing zirconia at room temperature in 
specific phase either monoclinic, tetragonal or cubic phase (crystal structure). In dentistry, 
3% by weight of yttria is added to pure zirconia for stabilization. It can be fabricated for 
multiple-unit all-ceramic restorations for high-stress areas. Zirconia has unique physical 
characteristics that make it twice as strong and tough as alumina-based ceramics.15,16 This 
material is available for fabrication as a partially sintered porous block for 25% oversize 
milling, then it is fully sintered in high temperature oven for 4-6 hours. Another form of 






Zirconium (Zr) is one of the widely existing elements in the world. It is always 
found combined with other elements. Even the human body has 250 milligrams of 
zirconium with an unknown role in physiology.17 Zirconium has been used in several fields. 
Zirconium is the main component of Y-TZP materials used in dentistry today. World 
production of zirconium has been increased since the year of 2000 and it is expected to 
raise (Figure 2).18 The word “zirconium” has Arabic origin which means golden color. This 
word has the root origin from two Persian words Zar (Gold) and Gun (Color). Martin 
Heinrich Klaproth (German chemist) was the first to describe Zirconium dioxide (ZrO2) in 
1789.19 Since the 1970s, zirconia has been used in medicine and dentistry based on its 
favorable characteristics, such as high mechanical properties; low abrasion, if polished 
smoothly; and low cytotoxicity, corrosion potential, and propensity for bacterial 
adhesion.20,21 In the United States, zirconia restorations for single posterior teeth was the 
top choice of dentists with 32% compared to PFM (31%), and lithium disilicate (21%) with 
higher tendency of selecting all zirconia restoration by dentists in rural practices.22 Zirconia 
ceramics are generally classified based on the microstructure of the material into: partially 
stabilized zirconia (PSZ), fully stabilized zirconia (FSZ), and tetragonal zirconia 
polycrystals (TZP). Partially stabilized zirconia (PSZ) was introduces in dentistry in 1990s 
as yttria stabilized tetragonal zirconia polycrystals (Y-TZP). It is composed mostly from 
tetragonal crystals with 2-3% Y2O3. Tetragonal crystals are metastable and can transform 
to the monoclinic phase spontaneously which leads to failure of the material. Grain size 
and yttria content are the most important factors affecting the mechanical properties of 




optical properties of monolithic zirconia prostheses. It is composed from tetragonal crystals 
with 6 to 8% of Y2O3 as stabilizers and more cubic zirconia. Mechanical properties of FSZ 
is inferior to those of PSZ. Tetragonal zirconia polycrystals (TZP) consists of only 
tetragonal phase with or without cubic phase.23 
 
Figure 2: Growing production of zirconium mineral concentrates worldwide 
  


























1.2 Different Generations of Zirconia in Dentistry 
The limitation of the esthetic properties of the early introduced zirconia led to 
several attempts to develop more translucent material to fabricate monolithic restorations. 
There are different approaches to make zirconia more translucent (Figure 3). These trials 
of improvement of zirconia led to the evolution of the different generations of zirconia 
(Figure 4).24 
 
Figure 3: Methods implemented to create more translucent zirconia 
a) Defects reduction: this might be achieved by including a glass phase or a sintering 
additive.25 
b) Microstructure refinement: to decrease light transmission interference by grain 
boundaries. 
c) Enlarging grain size: by increasing grain size the number of boundaries will be 
reduced.26 
d) Increasing cubic phase: including cubic phase in the material, which will avoid 





Figure 4: Overview of several zirconia generations 
First Generation: 3-mol%-yttria-stabilized tetragonal zirconia polycrystals (3Y-
TZP) 
This is the first generation of zirconia used in dentistry for more than 25 years. A 
3-mol% of yttria is used to stabilize the material in tetragonal phase. This provides the 
material with high mechanical properties with flexural strength of more than 1000 MPa.28,29 
This property allows the use of the material in minimal thickness and because of its poor 
optical properties it is used as framework for single and multi-unit restorations. Then the 
framework will be entirely veneered with feldspathic porcelain. The veneered fixed dental 
prostheses (FDPs) have high survival rate of 98.2% and a success rate of 92% after 10 
years.30 Monolithic fabrication of this material is not recommended because of the optical 
properties. Several modifications in the composition of the material have been 
implemented to improve the translucency of the material to facilitate the use of it as a 
monolithic restoration.31. An example of the 3-mol%-yttria-stabilized tetragonal zirconia 
polycrystals (3Y-TZP) is TZ-3YSB-E; regular Y-TZP powder, by Tosoh Corporation, 
Japan. 
Second Generation: 3-mol%-yttria-stabilized tetragonal zirconia polycrystals (3Y-




The second generation of the material was introduced around 2013. This generation 
has enhanced optical properties by molecular level modification: reduction of the number 
and size of the alumina grains (Al2O3) and placement of the alumina grains at the borders 
of the zirconia grains improved the translucency of the material. Several in-vitro studies 
reported that even after molecular modification the flexural strength of the material 
remained high.32,33 Still the recommended use of this material is as a framework for single 
or multiunit restorations and partially veneered restorations or monolithic restoration for 
posterior restorations is possible with this material. An example of the 3-mol%-yttria-
stabilized tetragonal zirconia polycrystals with reduced alumina content is Zpex® (TZ-
PX242A); translucent Y-TZP powder, by Tosoh Corporation, Japan. 
Third Generation: 5-mol%-yttria-stabilized tetragonal zirconia polycrystals (5Y-
TZP) 
The third generation of the material was introduced around 2015. The enhancement 
of the optical properties was achieved by increasing yttria (Y2O3) content to 5-mol% to 
fully stabilized the zirconia by introducing up to 53% cubic phase with a mixed 
cubic/tetragonal structure. The cubic phase has a larger crystal size with fewer boundaries 
causing the material to be more translucent. There is a direct proportional relation between 
the cubic phase and translucency of the material. However, there is an inversely 
proportional relation between the cubic phase and both flexural strength and fracture 
toughness. When compared to lithium disilicate this generation has slightly lower 
translucency with higher flexural strength and fracture toughness and it is being 
recommended to be used as an alternative to high-strength glass ceramics.31,34 An example 




(TZ-PX418); highly translucent Y-TZP powder, by Tosoh Corporation, Japan and 
Cercon®xt – extra translucent zirconia, by Dentsply Sirona. 
Fourth Generation: 4-mol%-yttria-stabilized tetragonal zirconia polycrystals (4Y-
TZP) 
In order to provide a balance between the mechanical properties and optical 
properties of the material to provide monolithic zirconia restorations, the fourth generation 
of zirconia was introduced in 2017. The enhancement of the mechanical properties was 
achieved by reducing the yttria (Y2O3) content to 4-mol% with slight reduction in its optical 
properties. It is recommended to be used as single and short span FDPs. An example of the 
4-mol%-yttria-stabilized tetragonal zirconia polycrystals (4Y-TZP) is Cercon® ht - high 





1.3  Phase transformation  
It is well-known that zirconia has three polymorphic phases determined by the 
composition and temperature: monoclinic (M), tetragonal (T), and cubic (C) (Figure 5). 
Pure zirconia is available in monoclinic phase at room temperature which is the most stable 
phase up to 1170°C. In the temperature range of 1170 - 2370°C zirconia is present in 
tetragonal phase. Beyond this temperature zirconia transform into cubic phase. The melting 
temperature of zirconia is at 2680°C. 
 
Figure 5: Relation between temperature and phases of zirconia 
Reversing the phase transformation process by cooling, tetragonal phase transforms 
to monoclinic phase (t→m) combined with a 3-5% volume increase. Residual stresses 
(shear strain) are generated within the material which lead to cracks and catastrophic failure 
of the material. This transformation usually occurs during the cooling stage of sintering. It 
will lead to change in the relative arrangement of zirconia molecules and called 
“martensitic transformation”. It is a thermal, diffusionless process and involves the 




the solid state. This transformation results in new plane called habit planes different from 
the parent phase (Figure 6).35 
There is another stress-induced phase transformation of zirconia first presented by 
Hasegawa in 1983 which is rhombohedral phase.36 This phase is produced in abraded 
surfaces of partially and fully stabilized zirconia. It was suggested that this phase formed 
from cubic phase transformation due to stress induced abrasion. This phase is unstable and 
disappears by pulverizing. 
 
Figure 6: Crystalline structure of zirconia after martensitic transformation showing 
the difference between the tetragonal (t) and monoclinic (m) phase. 
There are several methods of preventing the transformation and failure of the 
zirconia. The  primary approach described by Ruff and Ebert is still considered effective.37 
The material is stabilized by forming a zirconium dioxide. Stabilizing oxides (dopants) can 
be formulated with: Calcium oxide (CaO), Magnesium oxide (MgO), Yttrium oxide 
(Y2O3), Cerium (IV) oxide (CeO2), Erbium(III) oxide (Er2O3), Europium(III) oxide 
(Eu2O3), Gadolinium(III) oxide (Gd2O3), Scandium oxide (Sc2O3), Lanthanum oxide 




zirconia is Y2O3 (yttria) forming yttria-stabilized tetragonal zirconia polycrystalline 
ceramic (Y-TZP). The existence of different percentages of dopant classify zirconia into 
the different generations. For example, 3Y-TZP contains 3-mol% of Y2O3, 4Y-TZP 
contains 4-mol% of Y2O3, and 5Y-TZP contains 5-mol% of Y2O3. Yttrium has been used 
as a dopant for stabilization of zirconia in tetragonal phase because the oversized trivalent 
cation (Y3+) is twice as efficient as with undersized trivalent cations (CeO2). There is a 
correlation between temperature and stabilizer contents of Y2O3 in ZrO2 (Figure 7).  
 
Figure 7: Correlation between temperature and stabilizer concentration in Y2O3-
ZrO2 phase diagram shaded region is suggestion based on engineering guidelines for 







Figure 8: Means by which metastable tetragonal phase can transform to monoclinic 
phase 
1.3.1 Transformation Toughening of Zirconia 
Pure zirconia is stable in different phases based on the temperature and the 
percentage of dopant used to stabilize zirconia in a specific phase at room temperature as 
described by Passerini 38 and Ruff et al. 37,39. After adding the appropriate type and number 
of stabilizers, stabilization of zirconia in tetragonal phase at room temperature is 
achievable. In the incidence of crack initiation in the material, the crack tip propagates 
through the tetragonal phase which will lead to (t→m) transformation of the phase present 
around the crack. The (t→m) transformation occurs with 3-4% of growth of volume of the 
material (Figure 9). This expansion will generate compressive stress around the crack tip 
obstructing the crack propagation. The transformation toughening phenomena contributes 






Figure 9: Volumetric changes during tetragonal-to-monoclinic transformation 
 
 





1.4  Low temperature degradation (LTD) 
Low-temperature degradation (LTD) is non-stress-induced dynamic process in 
which tetragonal zirconia slowly transforms to monoclinic zirconia within moist 
environment. This process occurs over a period of time and within a range of temperature 
between room temperature to around 400°C. In dental biomaterial research, the available 
evidence focuses on the range of 0°C to 100°C. There are several factors that contribute to 
this process such as: the stabilizer type and concentration, stress, and zirconia grain size 
(Figure 11).  
 
 
Figure 11: Factors affecting low-temperature degradation (LTD) 
In term of the stabilizers, Y2O3 is the most commonly used to produce partially 
stabilized zirconia. Oxygen vacancies will be produced after the introduction of Y2O3 in 
the ZrO2 lattice.41 To stabilize tetragonal or cubic phase of zirconia at room temperature, 
3-mol% and 8-mol% of Y2O3 in ZrO2 respectively are regularly needed. It is well 
documented that yttria stabilized zirconia is prone to low-temperature degradation.42,43 The 
higher percentage of stabilizer the better the stabilizing ability. In a study by Li et al, shows 
that aging 2Y-TZP (2-mol%) for few hours at 100°C in water resulted in phase 




to 5-mol% in 5Y-TZP materials which contains more cubic phase leads to only 15% of 
monoclinic phase transformation. The wet environment is a critical factor in inducing low-
temperature degradation. It was reported that the annealing procedure at 82°C will result 
in only 1-mol% t-m transformation in air, while water atmosphere will provoke higher 
transformation up to 22-mol% of m-zirconia with grain size of 1.1 µm.42 Another report in 
the literature of aging of 3Y-TZP shows that aging zirconia with grain size of 0.5 µm or 
less at 70°C resulted in more than 50% m-zirconia after 5000 h of aging.45  
The present justification of the mechanism by which moisture catalyzes the 
transformation from t–m zirconia is that OH- ions from the moist environment diffuses into 
the zirconia lattice and fills oxygen vacancies. This will reduce the oxygen vacancies and 
destabilization of the tetragonal phase. This process starts with chemical adsorption of H2O 
on zirconia surface. H2O reacts with the O2 ions in zirconia forming hydroxyl ions OH-. 
This hydroxyl ions penetrates into zirconia deeper part through grain boundary diffusion. 
The hydroxyl ions will fill the oxygen vacancies within the grains and form proton defects. 
Then oxygen vacancies concentration is reduced leading to a t → m transformation because 
the tetragonal phase is no longer stable. In the process of stabilization, oxygen vacancies 
adjacent to the Zr4+ ion created by the aliovalent doping will stabilize zirconia in the 
tetragonal phase. For example, 1.5-mol% of Y2O3 is as effective as 10-mol% of CeO2 in 
stabilizing tetragonal zirconia.23. 
There are several explanations of this phenomenon. One of the explanations by 
Lange et al. is based on transmission electron microscopy observation, of Y2O3 reaction 
with water forming clusters rich in Y(OH)3.46 This will result in reduction of the stabilizer 




et al. shows that Zr-O bond is attacked by water vapor leading to stress buildup due to 
movement of -OH.43 Lattice defects will be generated which will act as nucleating agents 
leading to more t → m transformation. The last explanation by Chevalier et al. proposes 
that oxygen from water dissociation will fill the oxygen vacancies which might cause phase 
destabilization.23 This process is accompanied with lattice parameter alterations, 
generating stresses in the grains (Figure 12). 
 
 
Figure 12: Lattice alterations due to water interaction via oxygen vacancies filling 
Another contributing factor in LTD is stress. Zirconia is subjected to internal 
(residual) or external (applied) stresses during dental application. The behavior of zirconia 
and t → m transformation is affected by stress. When stress is applied to t-zirconia, it will 
expand its dimensions and transform to m-zirconia. There is controversy in the literature 
regarding the influence of different surface treatments (e.g. grinding and sandblasting) on 
the flexural strength and microstructure of zirconia. The conditions under which the surface 
treatments are conducted such as speed, grit size, load and coolant will affect the amount 
of transformation and heat generated. This might increase or decrease the flexural strength 




According to Swain and Hannink, during grinding surface treatment of Ce-TZP 
materials, stresses and temperatures will increase.47 The increase in temperature could 
contribute to monoclinic to tetragonal phase transformation. According to H. Sato, above 
600°C monoclinic phase significantly decreases and it disappeared at 1100°C. 
Regarding grit size during grinding of Y-TZP, coarse grit size grinding leads to 
reduced strength, while fine grit size (25 micron) grinding increased it.48 The results of 
another study regarding coarse grinding effect on biaxial flexural strength showed similar 
findings in terms of coarse grinding, but fine grinding did not have a significant effect on 
the flexural strength.49 
On the other hand, sandblasting of ground 3Y-TZP core materials led to significant 
increase of biaxial flexural strength. This is justified by eliminating milling and grinding 
trace lines and create irregularities on the ceramic surface by sandblasting with Al2O3.50 
Also, another study reported that sandblasting of zirconia is associated with increased 
monoclinic phase content. This study recommended sandblasting and grinding of 
zirconia.51 Sandblasting under different conditions produced different results. As reported 
in a study by Wang et. al. that sandblasting with 50 µm Al2O3 particles will increase 
strength of Y-TZP ceramic, while using 120 µm Al2O3 weakens the zirconia.52 
Regarding the effect of grain size on LTD and phase transformation, several studies 
reported that decreasing the gain size in zirconia will help in stabilizing the tetragonal phase 
which will affect the phase transformation and LTD.53–55 
A lot of controversy arises in the literature regarding this subject, due to uncertain 
explanation of the critical grain size. One opinion focuses purely on thermodynamic 




tetragonal phase is thermodynamically stable. The other opinion states that the grain size 
is not the only contributing factor to phase transformation and LTD and there are other 
contributing factors. This suggests metastability of tetragonal phase rather than 
thermodynamic stability only. Also, the second opinion advocates the necessity to account 
for kinetic considerations. This uncertainty leads to a broad range of critical grain size 
reported in the literature. The role of grain size cannot be discussed as an isolated factor 
because chemical stabilizers, stress, and grain size are linked in a complicated way. As 
example of the complexity of the interaction, increasing the stabilizer contents will reduce 
the grain size 56, and large grain size will lead to increased local stresses.57 Essentially, 
lowering the sintering temperature will result in smaller critical grain size. Reducing the 
grain size below a definite critical value will significantly contribute in hindering LTD. 
The thermodynamic approach described earlier has the potential to predict the critical grain 
size at various temperatures for zirconia powders. 
LTD Feature Characteristics (Figure 13) 
1) t → m phase transformation starts from outside to inside of the specimens causing 
surface roughness changes 58 and microcracks 59 with ensuing aesthetic degradation 
60. 
2) Water penetration into the specimens propagates the t → m transformation.61 





Figure 13: The possible effects of aging on the structure of zirconia 
Several approaches to avoid LTD, or minimize it. One of the methods is utilizing 





1.5 Surface treatment 
There are several surface treatments proposed for zirconia restorations (Figure 14). 
In contrast to glass ceramics, zirconia is an non-etchable material. This makes it difficult 
to utilize adhesive dental procedures to bond the restoration. 
There are several factors affecting the quality of composite cement bonds to 
zirconia such as mechanical surface treatment, chemical surface treatment, cement type, 
artificial ageing, and testing method.62,63 
Bonding with zirconia has been reviewed in the literature. Tzanakakis et al. 
reported that alumina air abrasion and tribochemical silica coating combined with adhesive 
monomers can improve the efficiency of zirconia bonding.64 These results coincide with 
another review article by Papia et al. who reported that abrasive surface treatment and/or 
silica coating in combination with a primer could achieve adequate bond strength to bind 
composite cements to oxide ceramics.65 The application of bonding agents containing 10-
methacryloyloxydecyl dihydrogen phosphate (MDP) can increase the bond strength to 
zirconia due to an interaction between MDP hydroxy groups and zirconia cationic 
surface.66,67  
Meta-analysis studies about zirconia bonding suggests that the use of mechanical 
and chemical pretreatment techniques enhanced the strength of the bond between zirconia 
and composite cements. Nevertheless, there were some controversies regarding the 






Figure 14: Numerous zirconia surface treatments proposed in the literature 
Surface treatment of zirconia propose to either enhance the bond strength of 
zirconia crowns or to enhance the attachment of osteoblast-like cells in case of zirconia 
implants.68,69 Airborne particle abrasion (sandblasting) surface treatment is a mechanical 
form of treatment which utilizes Al2O3 particles to produce micro-retention. Several factors 
can affect the surface roughness of the material such as size, shape, and kinetic energy of 
the particles. The particles are ejected from compressed air pressure devices. The distance, 
density, volume, and velocity of the particles will provide it with the kinetic energy. This 
technique of surface treatment produces a homogenous and gentle anisotropic abrasion on 
the surface of the zirconia. Al2O3 particles of (50 to 100 μm) are preferred due to low cost, 
hardness, and needle-like shape. On the other hand, sandblasting might affect the surface 




surfaces slightly enhance the cell attachment but reduced the metabolic activities compared 
to etching treatment.70  
Literature review reveals that there is a controversy on the effect of grinding and 
sandblasting on strength and microstructure of the zirconia material. Some studies reported 
the effect of grinding on the flexural strength of the zirconia shows positive, neutral or 
negative results compared to the control group.51,71,72 This controversial result might 
attributed to the different in grinding conditions such as speed, grit size, load and coolant 
which will influence the transformation and heat generated. Also, It is recommended to 






1.6 Mechanical and Optical Properties of Zirconia 
The main reason for alterations in the composition and mechanical properties of 
zirconia are to improve the optical properties. There are intrinsic and extrinsic factors that 
contribute to the color characteristic of zirconia (Figure 15).  
 
Figure 15: Intrinsic and extrinsic factors affecting the optical properties of zirconia 
Intrinsic microstructural characteristics of zirconia have significant effects on 
scattering incident light resulting in either translucent or opaque material.74  
There are several factors affecting the translucency of zirconia such as grain size 
and shape 75,76, amount and additive type 77, sintering conditions 25,76,78, and the presence 
of pores and impurities.79 
In terms of the grain size and shape, it has effects on the translucency and 
mechanical properties because it is associated with a delay in low temperature degradation 




In terms of phase composition, tetragonal zirconia has high opacity because it has 
birefringent nature. The refraction index is anisotropic in different crystallographic 
directions, causing phenomena of reflection and refraction at grain boundaries, and 
decreasing the light transmittance. An isotropic cubic zirconia material has been developed 
which decreases light scattering from the birefringent grain boundaries and increasing the 
translucency of zirconia.80 This was accomplished using an high amount of yttria to 
stabilize zirconia composition, resulting in 10 to 15 % of cubic phase zirconia.81 
Grain size and material density has critical effect on zirconia translucency.82 When 
reducing the grain size to sub-micron or nano-scale, an opaque polycrystalline ceramic can 
be more translucent.78,83 The grain size of translucent zirconia should be less than the 
visible wavelength, which is within the range of 400-700 nm, in order to decrease the light 
dispersion and thereby to achieve translucency. The translucency improves by making the 
grain size of zirconia small, preferably below 100 nm, and by minimizing impurities like 
oxygen particles and pores.80 Extremely small grain sizes can affect zirconia's 
transformation toughening mechanism which leads to reduced strength and resistance to 
fracture of transparent zirconia.28 
Regarding sintering conditions, Kim et al. concluded that a shorter sintering cycle 
produces small grain size and improves the transparent zirconia ceramic light transmittance 
values.84 Nevertheless, the transmittance improves as the sintering temperature increases 
(from 1350 to 1550oC), and the polycrystalline zirconia becomes less porous and more 
dense.84,85 
Finally, the presence of pores and impurities greatly affect the translucency of 




zirconia because they are volumes with differences in the refractive index which lead to 
optical scattering resulting in reduced translucency.19,86 Pores and pore density have a 
considerable influence on light dispersion in zirconia ceramics, particularly when they are 
similar in size with the visible light wavelengths (400-700 nm). Because of average 200-
400 nm pore size and pore density (0.05%), conventional zirconia ceramic has a poor 





1.7 Clinical Survival of Zirconia 
There are increasing numbers of studies that assessed the clinical survival of 
zirconia material as an alternative crown or implant material. In a recent systematic review 
comparing implant-supported single zirconia and metal-ceramic crown restorations with 3 
years follow-up time, it shows similar survival rate with estimated 5-year survival rate of 
98.3% for metal-ceramic restoration compared to 97.6% for zirconia restorations.87 In 
terms of using zirconia as a substitute or titanium as implant material, it was reported in a 
systematic review that zirconia implant survival rate was 95% and the mean marginal bone 
loss after 1 year was 0.89 mm.88 Studies have shown that there are no significant 
differences in the physical properties, biocompatibility, osteoconductivity, or allergenicity 
of zirconia implants compared to titanium.89 Lack of long-term observation is common in 





1.8 Statement of The Problem 
Lack of long-term data regarding aging process effect compared to accelerated 
aging effect on mechanical properties of different of Y-TZP ceramics combined with 
grinding and sandblasting surface treatments. 
1.9 Purpose of The Study 
The aim of this study is to evaluate the effect of real time aging and accelerated 
aging on biaxial flexural, microstructure, and crystal structure of different types of Y-TZP 
ceramics with various surface treatments. 
1.10 Objectives of The Study 
1.10.1 Determining effect of real time aging and accelerated aging on mechanical, 
microstructure and crystallographic structure of different Tosoh Y-TZPs and Dentsply 
Sirona Cercon®xt. 
1.10.2 Determining effect of surface treatments on mechanical, microstructure and 
crystallographic structure of different Tosoh Y-TZPs and Dentsply Sirona Cercon®xt.  
1.11 Study Hypotheses 
1.11.1 Null Hypothesis  
1. There is no significant effect of real time aging and accelerated aging on 
mechanical, microstructure and crystallographic structure of different Tosoh Y-
TZPs and a commercial 5Y zirconia, Dentsply Sirona Cercon®xt. 
2. There is no significant effect of surface treatments on mechanical, microstructure 





1.11.2 Alternative Hypothesis 
1. There is significant effect of real time aging and accelerated aging on mechanical, 
microstructure and crystallographic structure of different Tosoh Y-TZPs and a 
commercial 5Y zirconia, Dentsply Sirona Cercon®xt. 
2. There is significant effect of surface treatments on mechanical, microstructure and 
crystallographic structure of different Tosoh Y-TZPs and a commercial 5Y 
zirconia, Dentsply Sirona Cercon®xt. 
1.12 Clinical Implication 
The results of this study will give information about the mechanical properties and 
effect of accelerated and real time aging on different Tosoh Y-TZPs and a commercial 5Y 
zirconia, Dentsply Sirona Cercon®xt zirconia, which will help restorative dentists select 





CHAPTER 2: MATERIALS AND METHODS 
2.1 Materials 
This in-vitro study was designed to test the properties of different Y-TZP based 
materials. The materials used were as follow: 
1. TZ-3YSB-E; regular Y-TZP powder, (Tosoh Corporation, Japan) 
2. Zpex® (TZ-PX242A); translucent Y-TZP powder, (Tosoh Corporation, Japan) 
3. Zpex Smile® (TZ-PX418); highly translucent Y-TZP powder, (Tosoh Corporation, 
Japan) 
4. Cercon®xt – extra translucent zirconia, (Dentsply Sirona) 
Table 1: Characteristics of Y-TZP materials used in the study 




Y2O3 (wt%)  5.2 5.2 9.35 9 
Y2O3 (mol%)  3 3 5.4 5 
Al2O3 (wt%)  0.25 0.05 0.05 < 1 
SiO2 (wt%)  <0.02 <0.02 <0.02 < 1 
Binder (wt%)  3 3 3 0 
Particle Size (nm)  90 40 45 - 
Specific Surface 
Area(m2/g)  
7 12.3 11.9 - 
Bulk Density 
(g/cm3)  






36 32 31 - 









Specimens were divided into 22 groups and sample size was 12 for each group 
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2.2.1 Specimen Preparation 
All Y-TZP powders were pressed uniaxially in a 19 mm diameter steel mold at 78 
MPa (11 ksi) and then isostatically pressed in 2” Isopress chamber at 138 MPa (20 ksi). 
The blocks were partially sintered in Ney Vulcan TM 3-1750 furnace (Dentsply Sirona) 
(Table 2).  
Stage Rate (R) Temperature (T) Time (H) 
1 1.0°C 500°C 2:00 
2 1.7°C 1100°C 2:00 
3 3.3°C 50°C 0:10 
Table 2: Partial sintering furnace program for Tosoh Zirconia 
Cercon®xt cylinders were trephined out of a large block. Then each cylinder was 
sliced to produce 2 mm thick discs using a BUEHLER Isomet-5000 precision saw. 
Sectioning was performed with a blade speed of 1200 rpm, blade thickness of 0.5mm and 
load of 100g under running water. Fine grit sandpaper mounted on a polishing machine 
disc AutoMet250 (Buehler Ltd., Lake Bluff, IL) was used to remove excessive thickness 
of the discs. Discs were fully sintered at 1500°C for TZ-3YSB-E (Regular) (Figure 16) and 
1520°C for Cercon®xt (Figure 18), and 1450°C for Zpex® and Zpex Smile® (Figure 17) 
with 2 hours holding time to full density using Zircar Lab Furnace Type Hot Spot 110 






Figure 16: Furnace program for fully sintering TZ-3YSB-E material 
 
 


































































Figure 18: Furnace program for fully sintering Cercon®xt material 
2.2.2 Aging Treatments  
Two types of aging were performed first: Real time aging and accelerated aging 
with a variety of accelerated aging times were completed for all samples before any surface 
treatment (Table 3). 
2.2.2.1 Real Time Aging Test 
Specimens aged for one year in 10 ml of saline solution (Gibco's Dulbecco's 
Phosphate-Buffered Saline - 1X) at 37°C. inside an incubator. This solution provides a 
physiological pH range within 7.2 - 7.6 due to phosphate buffering. 
2.2.2.2 Accelerated Aging Testing (Steam Aging) 
Experimental specimens were artificially aged inside stainless steel bomb with 10 
ml saline solution (Gibco's Dulbecco's Phosphate-Buffered Saline) with steel wool which 
was cleaned with soap and potassium hydroxide to separate the specimen from water 
(Figure 19). Then the lid was closely tightened along with teflon tape before heating to 
134°C for 5 hours, 24 hours, and 168 hours. The stainless-steel bombs were weighed before 









































Table 3: Time intervals of testing specimens 












2.2.3 Surface Treatments 
2.2.3.1 Grinding Surface Treatment 
Specimens were glued to aluminum cylinders, one per cylinder. Then the aluminum 
cylinders were mounted into the 6-mount Buehler specimen holder. The holder was loaded 
into a polishing machine AutoMet250 (Buehler Ltd., Lake Bluff, IL). Load, amount of 
water, time and speed (RPM) was controlled. The grinding was performed using a 240 μm 
diamond disc (Buehler Ltd., Lake Bluff, IL) with a force of 5N/1.76m2 (2.84 Pascal), speed 
of head was 120 rpm, speed of base 60 rpm for period of two minutes. 
2.2.3.2 Sandblasting Surface Treatment 
Specimens were mounted with custom made rubber mount and sandblasted using a 
PrepStar® system with aluminum oxide (Al2O3) (Cobra, 50µm, Renfert, Hilzingen, 
Germany) at pressure of 60 psi, rate 4.2 gram/minute (Figure 20). Nozzle diameter was 1 
mm and handpiece was maintained at 10 mm distance. The procedure was performed with 
the aid of Computer Numerically Controlled machine (CNC machine compact 5, EMCO 
Maier, Austria). The spinning speed was 380 rpm and radial transverse movements speed 
was 25 mm/min. The handpiece was mounted to the metal rod that connected to the 
machine in order to control the movement side to side. 
 




2.2.4 Material Testing: 
2.2.4.1 X-Ray Diffraction (XRD) 
The crystallographic structure of zirconia was obtained by X-Ray Diffraction 
(XRD) technique, that is a non-destructive analytical technique. It uses an X-ray beam that 
hits the specimen and results in a diffracted X-ray beam. This is analyzed it as incident and 
scattered angle, polarization, and wavelength or energy. Every material produces a distinct 
XRD pattern. 
At least three specimens from each experimental group were used to assess the 
effect of surface treatment and aging process on the crystalline structure and phase changes. 
A Bruker D8 advance diffractometer (Bruker, Ettlingen, Germany) using 2" diffractometer 
with a Cu Kα radiation (40 kV, 40 mA) sealed tube was used (Figure 21). Acquisition of 
the XRD was done under standard parameters for all the specimens. The parameters were 
coupled two theta/theta scan type, continuous position-sensitive detector (PSD) fast scan 
mode, time was set as 1.0 second, effective total time as 1325 seconds, 1261 steps, 2 theta 
ranged from 25 to 76 degrees with 0.040 increment, PSD opening 2.6-degree, Z axis set to 
0.0235 mm, detector slit of 9.500 mm oscillation amplitude 45 degree with oscillation 
speed of 240 degree/min, voltage of 40 kV and current of 40 mA. The crystallographic 





Figure 21: Bruker D8 advance diffractometer 
2.2.4.2 Scanning Electron Microscopy (SEM) 
Microstructure was analyzed using SU6600 Hitachi field emission scanning 
electron microscope (FESEM) (Hitachi, Ltd., Chiyoda, Tokyo, Japan). It utilizes high-
energy beam of electrons to generate a magnified image of the samples. The electrons and 
specimen’s atoms interact with each other generating signals that reveal the composition 
and surface structure, and electrical conductivity of the material. 
The specimens were cleaned in an ultrasonic bath (Quantrex® 140, L&R® 
Ultrasonics, Kearny, NJ) with 70% isopropanol alcohol solution for 3 minutes before 
attaching them to an aluminum stub (SPI supplies; West Chester, PA) with double sided 
electroconductive tape. Specimens were sputter coated with gold/palladium to increase the 
electrical conductivity of zirconia (nonconducting material) using a Hummer 11 Sputter 





Figure 22: Sputter coating of the samples to increase the electrical conductivity for 
SEM 
Thermal etching was done for the ground and sandblasted specimens after flexural 
strength testing. Etching was performed at a temperature of 50°C below the sintering 
temperature of each material for 10 minutes in order to visualize the grain boundaries 
(Figure 23). SEM scans were acquired with an accelerating voltage ranging from 5 to 15kV 
under different magnifications 500X, 1000X, 2000X, 5000X, and 10000X. Grain size 
calculation was carried out from the SEM scans. An imaging software (ImageJ, version 
1.52k 29 January 2019, National Institutes of Health USA) was used to conduct the 






Figure 23: Thermal etching furnace program of TZ-3YSB-E with 50°C below the 
sintering temperature for 10 minutes 
2.2.4.3 Biaxial Flexural Strength Test 
A universal testing machine (Instron Model 5566A; Instron, Norwood, MA, US) 
was used to conduct biaxial flexural strength test of the materials. It uses a ball-on-three-
balls configuration to measure the biaxial flexural strength with speed of 1 mm/min and 
load cell of 10 kN. 
Compressive biaxial flexural strength test was conducted when treatment surface 
was on the compressive side of the specimen (facing up), while tensile biaxial flexural 
strength test was conducted when treatment surface was on the tensile side of the specimen 
(facing down). The biaxial strength was calculated using the following equation: 
#=0.2387[$ (%−&)]/'2 
# = biaxial tensile strength (MPa) 
$= Load at fracture (N) 
%= (1+v) ln (B/C) 2 + [(1-v)/2] (B/C) 2 




































A=radius of support circle (mm) 
B = radius of loaded area of ram tip (mm) 
C = radius of specimen (mm) 
' = specimen thickness at fracture origin (mm) 
2.2.4.4 Elemental Analysis 
Elemental analysis of the real time aging solutions was conducted using microwave 
plasma atomic emission spectrometry (4210 MP-AES, Agilent Technologies). 1.270g of 
yttrium (III) oxide (Y2O3) 99.99% trace metals (Sigma-Aldrich, Inc.) was dissolved in 20 
mL hydrochloric acid and diluted with deionized water to 1 liter to give 1000 ug/mL 
yttrium. A five-point calibration solution series (20, 10, 5, 1, and 0.5 ppm) were obtained 
by dilution of the original 20 ppm solution. 
2.2.5 Statistical Analysis 
Descriptive statistics such as grain size, amount of monoclinic, tetragonal, and 
cubic phase, and flexural strength were indicated as mean and standard deviation (SD). The 
level of significance was set at p-value < 0.05. one-way ANOVA test was used to compare 
the means among the different groups. Tukey's test was also utilized to determine the 
significant differences among the groups tested. All statistical analyses were performed 





CHAPTER 3: RESULTS 
3.1 Microstructure and Surface Characteristics Analysis 
Scanning electron microscopy results show the microstructure of the controlled 
surfaces of all materials used (Figure 24).  
  
  
Figure 24: SEM for the control group of all materials used A: TZ-3YSB-E, B: Zpex, 
C: Zpex Smile, and D: Cercon®xt 
TZ-3YSB-E control group at 5 hours of accelerated aging has a more uniform grain 








Figure 25: Ununiform grain size of TZ-3YSB-E after sandblasting treatment: a: 
control group after 5 hours aging, b: Sandblasting group after 5 hours of aging, and 
c: Grinding group after 5 hours of aging. 
Sandblasting treatment of TZ-3YSB-E and Zpex materials resulted in similar or 
smaller grain size. On the contrary, same surface treatment of Zpex Smile and Cercon®xt 




Grain Size 0.666 (±0.277) μm 

















Figure 26: Sandblasting treatment effect on grain size shows different behavior 
patterns (A: TZ-3YSB-E, B: Zpex, C: Zpex Smile, D: Cercon®xt , 1: control, 2: 168 






3.2 Grain Size: 
The mean grain size of the control group of TZ-3YSB-E was 0.613 ± 0.194 μm, 
Zpex was 0.374 ±0.115 μm, Zpex Smile was 0.993 ±0.474 μm, and Cercon®xt group was 
0.820 ±0.421 μm. The grain size of TZ-3YSB-E and Zpex groups is significantly smaller 
than the grain size of Zpex Smile and Cercon®xt group. The mean values of the grain size 
for all the tested groups are presented in the following Table 4 and Figure 27. 
Table 4: Mean grain size of fully sintered zirconias 
Material Treatment Aging N Mean ± SD (μm) CV 
TZ-3YSB-E Control RT 200 0.613 ± 0.194 31.7 
    5 HT 200 0.666 ±0.277 41.6 
    24 HT 200 0.663 ±0.262 39.6 
    168 HT 200 0.619 ±0.177 28.5 
    1 YR 200 0.568 ±0.182 32.0 
  Grinding RT 200 0.386 ±0.200 51.7 
    5 HT 200 0.506 ±0.397 78.5 
    24 HT 200 0.451 ±0.232 51.5 
    168 HT 200 0.584 ±0.350 59.9 
    1 YR 200 0.405 ±0.160 39.6 
  Sandblasting RT 200 0.486 ±0.224 46.0 
    5 HT 200 0.548 ±0.335 61.1 
    24 HT 200 0.504 ±0.292 57.9 
    168 HT 200 0.549 ±0.230 42.0 




Zpex Control RT 200 0.374 ±0.115 30.8 
    5 HT 200 0.346 ±0.100 28.8 
    24 HT 200 0.354 ±0.093 26.3 
    168 HT 200 0.364 ±0.100 27.6 
    1 YR 200 0.415 ±0.100 24.0 
  Grinding RT 200 0.304 ±0.107 35.2 
    5 HT 200 0.313 ±0.117 37.3 
    24 HT 200 0.355 ±0.275 77.4 
    168 HT 200 0.445 ±0.106 23.9 
    1 YR 200 0.400 ±0.121 30.2 
  Sandblasting RT 200 0.341 ±0.140 41.1 
    5 HT 200 0.310 ±0.157 50.5 
    24 HT 200 0.338 ±0.109 32.2 
    168 HT 200 0.351 ±0.108 30.6 
    1 YR 200 0.290 ±0.127 43.8 
Zpex Smile Control RT 200 0.993 ±0.474 47.8 
    5 HT 200 0.896 ±0.339 37.8 
    24 HT 200 0.915 ±0.425 46.4 
    168 HT 200 0.868 ±0.363 41.8 
    1 YR 200 0.843 ±0.396 47.0 
  Grinding RT 200 1.313 ±0.677 51.6 
    5 HT 200 1.292 ±0.721 55.8 




    168 HT 200 0.693 ±0.564 81.4 
    1 YR 200 0.879 ±0.385 43.8 
  Sandblasting RT 200 0.890 ±0.509 57.1 
    5 HT 200 1.370 ±0.930 67.9 
    24 HT 200 0.780 ±0.443 56.7 
    168 HT 200 0.818 ±0.527 64.5 
    1 YR 200 0.604 ±0.321 53.2 
Cercon®xt  Control RT 200 0.820 ±0.421 51.3 
    5 HT 200 0.933 ±0.530 56.8 
    24 HT 200 0.932 ±0.475 51.0 
    168 HT 200 0.910 ±0.408 44.9 
    1 YR 200 0.981 ±0.435 44.3 
  Grinding RT 200 1.773 ±0.967 54.5 
    5 HT 200 1.649 ±0.932 56.6 
    24 HT 200 1.416 ±0.853 60.2 
    168 HT 200 1.461 ±0.836 57.3 
    1 YR 200 0.937 0.500 53.3 
  Sandblasting RT 200 1.208 0.607 50.2 
    5 HT 200 1.539 0.776 50.4 
    24 HT 200 1.163 0.589 50.6 
    168 HT 200 1.486 0.789 53.1 
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Figure 29: Actual whole model of grain size of all materials groups after surface 
treatments by predicted plot (p-value<0.0001*) 
Zpex material had the smallest grain size (mean 0.35 μm), then 3YTZP (mean 0.53 
μm), then Zpex Smile (mean 0.93 μm), Cercon®xt (mean 1.22 μm) had the largest grain 






Figure 30: Mean grain size of all materials studied 
Table 5: Level of significance of grain size of all materials 
Level     Least Sq Mean 
CerconXT A    1.2217820 
Zpex Smile  B   0.9292890 
3YTZP   C  0.5344660 
Zpex    D 0.3533513 
























Figure 31: Surface treatments effects on grain size of all materials 
Table 6: Level of significance of the effect of surface treatments on grain size among 
of all materials 
Level    Least Sq Mean 
Grinding A   0.81741550 
Sandblasting  B  0.75820225 
Control   C 0.70354850 
























Figure 32: Aging process effects on grain size of all materials 
Table 7: Level of significance of the effect of aging process on grain size among all 
materials 
Level     Least Sq Mean 
5 HT A    0.86403875 
RT  B   0.79169458 
168 HT  B   0.76236875 
24 HT   C  0.72136417 
1 YR    D 0.65914417 
Levels not connected by same letter are significantly different. 
 
Grinding surface treatment shows the highest change in the grain size and lead to 
increases in the grain size of Zpex Smile and Cercon®xt groups while decreases in the 

























(Figure 33). Sandblasting surface treatment leads to decrease grain size of 3YTZP, Zpex, 
and slightly decreased grain size of Zpex Smile groups while it increases the grain size of 
Cercon®xt groups compared to the control groups (Table 8). 
 
































Table 8: Level of significance of the effect of surface treatments on grain size among 
all materials groups 
Level        Least Sq Mean 
Cercon®xt ,Grinding A       1.4471880 
Cercon®xt ,Sandblasting  B      1.3030550 
Zpex Smile,Grinding   C     0.9924450 
Cercon®xt ,Control    D    0.9151030 
Zpex Smile,Control    D    0.9028600 
Zpex Smile,Sandblasting    D    0.8925620 
3YTZP,Control     E   0.6258200 
3YTZP,Sandblasting      F  0.5110470 
3YTZP,Grinding      F  0.4665310 
Zpex,Control       G 0.3704110 
Zpex,Grinding       G 0.3634980 
Zpex,Sandblasting       G 0.3261450 






Figure 34: Actual whole model of grain size of all materials groups after aging 
process by predicted plot (p-value<0.0001*) 
Accelerated aging process affected the grain size of each material differently 
(Figure 35). There is no effect of real time aging for 1 year on the control groups of each 




































































Table 9: Level of significance of the effect of aging process on grain size among all 
materials groups 
Level           Least Sq Mean 
Cercon®xt ,5 HT A          1.3736400 
Cercon®xt ,168 HT A B         1.2854917 
Cercon®xt ,RT  B C        1.2667817 
Zpex Smile,5 HT   C D       1.1860783 
Cercon®xt ,24 HT    D       1.1706250 
Zpex Smile,RT     E      1.0653783 
Cercon®xt ,1 YR     E      1.0123717 
Zpex Smile,24 HT      F     0.8265667 
Zpex Smile,168 HT      F     0.7932300 
Zpex Smile,1 YR      F     0.7751917 
3YTZP,168 HT       G    0.5840833 
3YTZP,5 HT       G H   0.5733500 
3YTZP,24 HT       G H   0.5395000 
3YTZP,RT       G H   0.4948733 
3YTZP,1 YR        H I  0.4805233 
Zpex,168 HT         I J 0.3866700 
Zpex,1 YR          J 0.3684900 
Zpex,24 HT          J 0.3487650 




Zpex,5 HT          J 0.3230867 





































































3.2.1 3YTZP Groups 
 
Figure 37: Graphic illustration of mean grain size of the 3YTZP groups 
The fit least squares report summary table for 3YTZP groups shows statistical 
significance with p-value <0.0001 and R2=0.097 (Table 10).  
Table 10: Effect summary table of grain size for 3YTZP groups 
Source LogWorth  PValue 
Treatment 43.252  0.00000 
Aging 15.036  0.00000 
Treatment*Aging 5.068  0.00001 
 
The grinding and sandblasting of 3YTZP groups resulted in a significantly smaller 
grain size as compared to the control group for both grinding and sandblasting (Figure 38). 
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Also, grinding resulted in significantly smaller grain size as compared to sandblasting 
group (Table 11).  
  
Figure 38: Surface treatments effects on grain size of the 3YTZP groups 
Table 11: Level of significance of the effect of surface treatments on grain size 
among 3YTZP groups 
Level    Least Sq Mean 
Control A   0.62582000 
Sandblasting  B  0.51104700 
Grinding   C 0.46653100 
Levels not connected by same letter are significantly different. 
Regarding the aging process, 1-year real time aging of 3YTZP shows a significantly 
lower grain size as compared to 5, 24, and 168 hours accelerated aging while grain size 























significant difference in the grain size between the control group of 3YTZP and 5, 24, and 
168 hours accelerated aging (Table 12). Within the accelerated aging process of 3YTZP 
there was a significant difference between 24 and 168 hours. There was no statistically 
significant difference in the grain size between the control group and the 1-year real time 
aging (Table 13). The correlation between surface treatments and aging of 3YTZP groups 
are presented in (Figure 40). 
1-year real time aging of control 3YTZP groups had significantly lower grain size 
as compared to 5, 24, and 168 hours of accelerated (Figure 40) (Table 13). 
  
























Table 12: Level of significance of the effect of aging process on grain size among 
3YTZP groups 
Level    Least Sq Mean 
168 HT A   0.58408333 
5 HT A B  0.57335000 
24 HT  B  0.53950000 
RT   C 0.49487333 
1 YR   C 0.48052333 
Levels not connected by same letter are significantly different. 
 

































Table 13: Level of significance of the effect of aging process and surface treatments 
on grain size among 3YTZP groups 
Level         Least Sq Mean 
Control,5 HT A        0.66595000 
Control,24 HT A        0.66342500 
Control,168 HT A B       0.61889500 
Control,RT A B       0.61265000 
Grinding,168 HT A B C      0.58443000 
Control,1 YR  B C D     0.56818000 
Sandblasting,168 HT  B C D E    0.54892500 
Sandblasting,5 HT  B C D E    0.54791500 
Grinding,5 HT   C D E F   0.50618500 
Sandblasting,24 HT   C D E F   0.50385000 
Sandblasting,RT    D E F G  0.48612500 
Sandblasting,1 YR     E F G H 0.46842000 
Grinding,24 HT      F G H 0.45122500 
Grinding,1 YR       G H 0.40497000 
Grinding,RT        H 0.38584500 





3.2.2 Zpex Groups 
The mean grain size of the Zpex groups is illustrated in Figure 41.The fit least 
squares report summary table for Zpex groups shows statistical significance with p-value 
<0.0001 and R2=0.088 (Table 14).  
 
Figure 41: Graphic illustration of mean grain size of the Zpex groups 
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Table 14: Effect summary table of grain size for Zpex groups 
Source LogWorth  PValue 
Treatment*Aging 24.925  0.00000 
Aging 16.480  0.00000 
Treatment 13.949  0.00000 
 
Sandblasting surface treatment of Zpex groups resulted in significantly smaller 
grain size as compared to the control and grinding groups (Figure 42) (Table 15).  
 





























Table 15: Level of significance of the effect of surface treatments on grain size 
among Zpex groups 
Level   Least Sq Mean 
Control A  0.37041100 
Grinding A  0.36349800 
Sandblasting  B 0.32614500 
Levels not connected by same letter are significantly different. 
Regarding the aging process, Zpex group displays the largest grain size with 168 
hours of accelerated aging compared to the control, 5, and 24 hours accelerated aging 
groups (Figure 43). In the Zpex group, there was a significant difference between 1-year 
real time aging and control and 5 hours accelerated aging (Table 16). Within the groups 
with accelerated aging 5 hours grain size was significantly smaller as compared to 24 hours 
and 168 hours accelerated aging. 
One year real time aging of the control groups without any surface treatment of 
Zpex had significantly the highest grain size as compared to 5, 24, and 168 hours of 





Figure 43: Aging process effects on grain size of the Zpex groups 
Table 16: Level of significance of the effect of aging process on grain size among 
Zpex groups 
Level     Least Sq Mean 
168 HT A    0.38667000 
1 YR A B   0.36849000 
24 HT  B C  0.34876500 
RT   C D 0.33974500 
5 HT    D 0.32308667 






















































Table 17: Level of significance of the effect of aging process and surface treatments 
on grain size among Zpex groups 
Level        Least Sq Mean 
Grinding,168 HT A       0.44489500 
Control,1 YR A B      0.41478500 
Grinding,1 YR A B C     0.40049500 
Control,RT  B C D    0.37401000 
Control,168 HT   C D    0.36373500 
Grinding,24 HT    D E   0.35487000 
Control,24 HT    D E   0.35357500 
Sandblasting,168 HT    D E   0.35138000 
Control,5 HT    D E F  0.34595000 
Sandblasting,RT    D E F  0.34105000 
Sandblasting,24 HT    D E F  0.33785000 
Grinding,5 HT     E F G 0.31305500 
Sandblasting,5 HT     E F G 0.31025500 
Grinding,RT      F G 0.30417500 
Sandblasting,1 YR       G 0.29019000 





3.2.3 Zpex Smile Groups 
The mean grain size of the Zpex Smile groups is illustrated in Figure 45. The fit 
least squares report summary table for Zpex Smile groups shows statistical significance 
with p-value <0.0001 and R2=0.146 (Table 18).  
 
Figure 45: Graphic illustration of mean grain size of the Zpex Smile groups 
Table 18: Effect summary table of grain size for Zpex Smile groups 
Source LogWorth  PValue 
Aging 59.187  0.00000 
Treatment*Aging 35.544  0.00000 
Treatment 4.696  0.00002 
Grinding treatment of Zpex Smile groups resulted in significantly increased the 
grain size as compared to the control and sandblasting groups (Figure 46) (Table 19). 
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Figure 46: Surface treatments effects on grain size of the Zpex Smile groups 
Table 19: Level of significance of the effect of surface treatments on grain size 
among Zpex Smile groups 
Level   Least Sq Mean 
Grinding A  0.99244500 
Control  B 0.90286000 
Sandblasting  B 0.89256200 
Levels not connected by same letter are significantly different. 
Regarding the aging process effect on Zpex Smile groups, 5 hours accelerated aging 
leads to the largest grain size as compared to the control group and all the aging groups 
(Figure 47). The control group of Zpex Smile shows significantly larger grain size as 























statistically significant difference between the control groups without any surface treatment 
of Zpex Smile groups (Figure 48) (Table 21). 
 


























Table 20: Level of significance of the effect of aging process on grain size among 
Zpex Smile groups 
Level    Least Sq Mean 
5 HT A   1.1860783 
RT  B  1.0653783 
24 HT   C 0.8265667 
168 HT   C 0.7932300 
1 YR   C 0.7751917 
Levels not connected by same letter are significantly different. 
 






























Table 21: Level of significance of the effect of aging process and surface treatments 
on grain size among Zpex Smile groups 
Level      Least Sq Mean 
Sandblasting,5 HT A     1.3696400 
Grinding,RT A     1.3131850 
Grinding,5 HT A     1.2923450 
Control,RT  B    0.9925000 
Control,24 HT  B C   0.9148100 
Control,5 HT  B C   0.8962500 
Sandblasting,RT  B C   0.8904500 
Grinding,1 YR  B C   0.8789600 
Control,168 HT  B C D  0.8682300 
Control,1 YR  B C D  0.8425100 
Sandblasting,168 HT  B C D  0.8183050 
Grinding,24 HT   C D  0.7845800 
Sandblasting,24 HT   C D E 0.7803100 
Grinding,168 HT    D E 0.6931550 
Sandblasting,1 YR     E 0.6041050 





3.2.4 Cercon®xt Groups 
The mean grain size of the Cercon®xt groups is illustrated in Figure 49.The fit least 
squares report summary table for Cercon®xt groups shows statistical significance with p-
value <0.0001 and R2=0.163 (Table 22). 
 
Figure 49: Graphic illustration of mean grain size of the Cercon®xt groups 
Table 22: Effect summary table of grain size for Cercon®xt groups 
Source LogWorth  PValue 
Treatment 67.903  0.00000 
Treatment*Aging 27.182  0.00000 
Aging 19.407  0.00000 
The grinding and sandblasting of Cercon®xt groups resulted in a significantly 
larger grain size as compared to the control group (Figure 50). Grinding treatment of 
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Cercon®xt groups resulted in significantly the highest increase in grain size as compared 
to sandblasting and control group (Table 23). 
 
Figure 50: Surface treatments effects on grain size of the Cercon®xt groups 
Table 23: Level of significance of the effect of surface treatments on grain size 
among Cercon®xt groups 
Level    Least Sq Mean 
Grinding A   1.4471880 
Sandblasting  B  1.3030550 
Control   C 0.9151030 
Levels not connected by same letter are significantly different. 
Regarding the aging process of Cercon®xt groups, the results show that 1-year real 
time aging resulted in the smallest grain size with significant difference as compared to 



























of Cercon®xt resulted after 5 hours of accelerated aging as compared to the control group 
and 24 hours accelerated aging group. There was a significant difference between 168 and 
24 hours of aging with larger grain size; with 168 hours having a similar grain size to the 
control group grain size (Table 24). There is no statistically significant difference between 
the control groups without any surface treatment of Cercon®xt groups (Figure 52) (Table 
25). 
 

























Table 24: Level of significance of the effect of aging process on grain size among 
Cercon®xt groups 
Level     Least Sq Mean 
5 HT A    1.3736400 
168 HT A B   1.2854917 
RT  B C  1.2667817 
24 HT   C  1.1706250 
1 YR    D 1.0123717 
Levels not connected by same letter are significantly different. 
 
 
































Table 25: Level of significance of the effect of surface treatments and aging process 
on grain size among Cercon®xt groups 
Level         Least Sq Mean 
Grinding,RT A        1.7727700 
Grinding,5 HT A B       1.6488750 
Sandblasting,5 HT  B C      1.5391800 
Sandblasting,168 HT  B C      1.4862650 
Grinding,168 HT  B C      1.4605950 
Grinding,24 HT   C D     1.4163450 
Sandblasting,RT    D E    1.2079450 
Sandblasting,24 HT     E F   1.1633300 
Sandblasting,1 YR     E F G  1.1185550 
Control,1 YR     E F G H 0.9812050 
Grinding,1 YR      F G H 0.9373550 
Control,5 HT       G H 0.9328650 
Control,24 HT       G H 0.9322000 
Control,168 HT       G H 0.9096150 
Control,RT        H 0.8196300 





3.3 X-Ray Diffraction (XRD): 
XRD analysis shows that all the control groups at room temperature do not have 
any monoclinic phase before surface treatment. On the other hand, Zpex smile and 
Cercon®xt have the highest amount of cubic phase and it increases with surface treatment. 
The mean amount of monoclinic, tetragonal, cubic and rhombohedral phases is presented 
in the following Table 26 (Figure 53): 





































































































































































































































































































































































































































Table 27: Effect summary table of monoclinic, tetragonal, cubic, and rhombohedral 





























3.3.1 Monoclinic phase 
 
Figure 65: Actual whole model of monoclinic phase fraction of all materials groups 
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Figure 66: Monoclinic phase fraction of all materials combined groups 
Table 28: Level of significance of monoclinic phase fraction of all materials 
combined groups 
Level   Least Sq Mean 
Zpex A  0.18430572 
3YTZP A  0.14197341 
CerconXT  B 0.02283019 
Zpex Smile  B 0.01913266 





Figure 67: Surface treatments effect on monoclinic phase fraction of all materials 
combined groups 
Table 29: Level of significance of the surface treatments effect monoclinic phase 
fraction of all materials combined groups 
Level  Least Sq Mean 
Sandblasting A 0.10228096 
Control A 0.09245063 
Grinding A 0.08144989 



























Figure 68: Aging process effect monoclinic phase fraction of all materials combined 
groups 
Table 30: Level of significance of aging process effect monoclinic phase fraction of 
all materials combined groups 
Level    Least Sq Mean 
168 HT A   0.26595038 
24 HT  B  0.09011457 
1 YR  B C 0.04415568 
5 HT   C 0.03335439 
RT   C 0.02672745 


























Figure 69: Actual whole model of monoclinic phase fraction of all materials groups 
after surface treatments by predicted plot (p-value<0.0001*) 
 
Figure 70: Correlation between surface treatments and monoclinic phase fraction of 





















































Table 31: Level of significance of the effect of surface treatments on monoclinic 
phase fraction of all materials groups 
Level       Least Sq Mean 
Zpex,Sandblasting A      0.22818762 
Zpex,Control A      0.21293347 
3YTZP,Sandblasting A B     0.16989449 
3YTZP,Control A B C    0.15656239 
Zpex,Grinding  B C D   0.11179606 
3YTZP,Grinding  B C D E  0.09946335 
Cercon®xt ,Grinding   C D E F 0.06326171 
Zpex Smile,Grinding    D E F 0.05127846 
Zpex Smile,Sandblasting     E F 0.00611951 
Cercon®xt ,Sandblasting     E F 0.00492221 
Cercon®xt ,Control     E F 0.00030667 
Zpex Smile,Control      F 1.7347e-17 





Figure 71: Correlation between surface treatments and monoclinic phase fraction of 






























Table 32: Level of significance of the effect of surface treatments and monoclinic 
phase fraction of all materials as sintered groups 
Level    Least Sq Mean 
Zpex Smile,Grinding A   0.06510671 
Zpex,Grinding A   0.05564100 
3YTZP,Grinding A   0.05110107 
Zpex,Sandblasting A   0.05110104 
Cercon®xt ,Grinding A B  0.03939870 
3YTZP,Sandblasting  B C 0.02069986 
3YTZP,Control   C 0.00170007 
Zpex Smile,Sandblasting   C 0.00103333 
Zpex,Control   C 0.00093340 
Zpex Smile,Control   C 7.8063e-18 
Cercon®xt ,Control   C 6.0715e-18 
Cercon®xt ,Sandblasting   C 1.7347e-18 






Figure 72: Actual whole model of monoclinic phase fraction of all materials groups 
by predicted plot (p-value<0.0001*) 
 





















































Table 33: Level of significance of the effect of aging process on monoclinic phase 
fraction of all materials groups 
Level    Least Sq Mean 
3YTZP,168 HT A   0.51641043 
Zpex,168 HT A   0.49782358 
Zpex,24 HT  B  0.26676937 
3YTZP,1 YR   C 0.07202248 
Zpex,1 YR   C 0.06924684 
3YTZP,24 HT   C 0.05847856 
Zpex,RT   C 0.04478202 
Cercon®xt ,5 HT   C 0.04460000 
Zpex,5 HT   C 0.04290676 
3YTZP,5 HT   C 0.03845524 
Zpex Smile,24 HT   C 0.02630965 
Cercon®xt ,168 HT   C 0.02488891 
Zpex Smile,168 HT   C 0.02467859 
3YTZP,RT   C 0.02450033 
Zpex Smile,RT   C 0.02204668 
Cercon®xt ,1 YR   C 0.02018061 
Cercon®xt ,RT   C 0.01558076 
Zpex Smile,1 YR   C 0.01517280 




Zpex Smile,5 HT   C 0.00745556 
Levels not connected by same letter are significantly different. 
 
Figure 74: Correlation between aging process and monoclinic phase fraction of all 
































Table 34: Level of significance of the effect aging process and monoclinic phase 
fraction of all materials as sintered groups 
Level    Least Sq Mean 
Zpex,168 HT A   0.6607400 
3YTZP,168 HT A   0.5888781 
Zpex,24 HT  B  0.3174004 
3YTZP,24 HT   C 0.0864667 
Zpex,1 YR   C 0.0646685 
3YTZP,1 YR   C 0.0588667 
3YTZP,5 HT   C 0.0469005 
Zpex,5 HT   C 0.0209250 
3YTZP,RT   C 0.0017001 
Zpex,RT   C 0.0009334 
Cercon®xt ,24 HT   C 0.0008667 
Cercon®xt ,168 HT   C 0.0006667 
Zpex Smile,24 HT   C 0.0000000 
Zpex Smile,RT   C  -2.776e-17 
Zpex Smile,1 YR   C  -2.776e-17 
Cercon®xt ,5 HT   C  -2.776e-17 
Cercon®xt ,1 YR   C  -2.776e-17 
Zpex Smile,5 HT   C  -5.551e-17 




Zpex Smile,168 HT   C  -8.327e-17 
Levels not connected by same letter are significantly different. 
 
Figure 75: Correlation between aging process and monoclinic phase fraction of all 
materials grinding groups 
Table 35: Level of significance of the effect of aging process and monoclinic phase 
fraction of all materials grinding groups 
Level    Least Sq Mean 
3YTZP,168 HT A   0.28057672 
Zpex,168 HT A B  0.22557674 
Zpex,24 HT A B C 0.15039322 
Cercon®xt ,5 HT A B C 0.13380000 
3YTZP,1 YR  B C 0.09147098 





























Cercon®xt ,168 HT  B C 0.06980008 
Zpex Smile,RT  B C 0.06510671 
Zpex,1 YR   C 0.06140000 
Zpex Smile,24 HT   C 0.05829804 
Zpex,RT   C 0.05564100 
Cercon®xt ,1 YR   C 0.05260770 
3YTZP,RT   C 0.05110107 
Cercon®xt ,RT   C 0.03939870 
Zpex,5 HT   C 0.03929873 
3YTZP,24 HT   C 0.03856901 
Zpex Smile,1 YR   C 0.03658508 
3YTZP,5 HT   C 0.03559895 
Zpex Smile,5 HT   C 0.02236667 
Cercon®xt ,24 HT   C 0.02070207 





Figure 76: Correlation between aging process and monoclinic phase fraction of all 
materials sandblasting groups 
Table 36: Level of significance of the effect of aging process and monoclinic phase 
fraction of all materials sandblasting groups 
Level    Least Sq Mean 
3YTZP,168 HT A   0.6797765 
Zpex,168 HT A   0.6071540 
Zpex,24 HT  B  0.3325145 
Zpex,1 YR   C 0.0816720 
Zpex,5 HT   C 0.0684966 
3YTZP,1 YR   C 0.0657298 
Zpex,RT   C 0.0511010 































3YTZP,5 HT   C 0.0328663 
3YTZP,RT   C 0.0206999 
Zpex Smile,24 HT   C 0.0206309 
Zpex Smile,1 YR   C 0.0089333 
Cercon®xt ,1 YR   C 0.0079341 
Cercon®xt ,24 HT   C 0.0051333 
Cercon®xt ,168 HT   C 0.0042000 
Zpex Smile,RT   C 0.0010333 
Cercon®xt ,RT   C 0.0007000 
Zpex Smile,5 HT   C 4.1633e-17 
Cercon®xt ,5 HT   C 2.7756e-17 
Zpex Smile,168 HT   C  -5.551e-17 





3.3.2 Tetragonal Phase 
 
Figure 77: Actual whole model of tetragonal phase fraction of all materials groups 
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Figure 78: Actual whole model of tetragonal phase fraction of all materials groups 




























Figure 79: Tetragonal phase fraction of all materials combined groups 
Table 37: Level of significance of tetragonal phase fraction of all materials 
combined groups 
Level   Least Sq Mean 
Zpex A  0.60741900 
3YTZP A  0.58878074 
CerconXT  B 0.34894182 
Zpex Smile  B 0.27781720 






















Figure 80: Surface treatments effect on tetragonal phase fraction of all materials 
combined groups 
Table 38: Level of significance of the surface treatments effect on tetragonal phase 
fraction of all materials combined groups 
Level   Least Sq Mean 
Control A  0.68288535 
Sandblasting  B 0.34504363 
Grinding  B 0.33929009 






















Figure 81: Aging process effect on tetragonal phase fraction of all materials 
combined groups 
Table 39: Level of significance of aging process effect on tetragonal phase fraction of 
all materials combined groups 
Level     Least Sq Mean 
RT A    0.55471396 
5 HT A B   0.52277762 
1 YR  B C  0.45509768 
24 HT   C D 0.40078074 
168 HT    D 0.34532846 


























Figure 82: Correlation between surface treatments and tetragonal phase fraction of 
all material groups 
Table 40: Level of significance of the effect of surface treatments on tetragonal 
phase fraction of all material groups 
Level    Least Sq Mean 
Cercon®xt ,Control A   0.78828705 
Zpex,Control A B  0.66299870 
3YTZP,Control A B  0.65079715 
Zpex Smile,Control A B  0.62945850 
Zpex,Grinding A B  0.62889370 
3YTZP,Grinding  B  0.56118685 
3YTZP,Sandblasting  B  0.55435822 

























Cercon®xt ,Sandblasting   C 0.18703516 
Zpex Smile,Sandblasting   C 0.10841653 
Zpex Smile,Grinding   C 0.09557657 
Cercon®xt ,Grinding   C 0.07150326 
Levels not connected by same letter are significantly different. 
 
 
Figure 83: Correlation between surface treatments and tetragonal phase fraction of 





























Table 41: Level of significance of the effect of surface treatments and tetragonal 
phase fraction of all material as sintered groups 
Level      Least Sq Mean 
Zpex,Control A     0.91859233 
3YTZP,Control A B    0.88452792 
Zpex,Sandblasting A B C   0.76382358 
3YTZP,Sandblasting A B C   0.75894043 
Cercon®xt ,Control  B C D  0.70600355 
Zpex,Grinding   C D  0.64686879 
Zpex Smile,Control   C D  0.63413224 
3YTZP,Grinding    D  0.56192120 
Zpex Smile,Sandblasting     E 0.26156305 
Cercon®xt ,Sandblasting     E 0.23335374 
Cercon®xt ,Grinding     E 0.13962530 
Zpex Smile,Grinding     E 0.07419475 





Figure 84: Actual whole model of tetragonal phase fraction of all materials groups 





























Figure 85: Correlation between aging process and tetragonal phase fraction of all 
materials groups 
Table 42: Level of significance of aging process effect on tetragonal phase fraction of 
all materials groups 
Level      Least Sq Mean 
Zpex,5 HT A     0.78248061 
Zpex,RT A     0.76548066 
3YTZP,5 HT A     0.75306900 
3YTZP,RT A     0.73512985 
Zpex,1 YR A B    0.65634551 
3YTZP,1 YR A B C   0.59541976 
3YTZP,24 HT A B C   0.59350295 





























Cercon®xt ,168 HT  B C D E 0.42182531 
Cercon®xt ,RT   C D E 0.39494863 
Zpex,168 HT   C D E 0.36180770 
Cercon®xt ,1 YR    D E 0.33610448 
Zpex Smile,168 HT    D E 0.33089866 
Zpex Smile,RT    D E 0.32329668 
Cercon®xt ,24 HT    D E 0.30332650 
Cercon®xt ,5 HT    D E 0.28850419 
Zpex Smile,5 HT    D E 0.26705667 
3YTZP,168 HT    D E 0.26678215 
Zpex Smile,24 HT    D E 0.23531302 
Zpex Smile,1 YR     E 0.23252097 
Levels not connected by same letter are significantly different. 
 
Figure 86: Correlation between aging process and tetragonal phase fraction of all 



























Table 43: Level of significance of aging process and tetragonal phase fraction of all 
materials as sintered groups 
Level           Least Sq Mean 
Zpex,RT A          0.91859233 
Zpex,5 HT A B         0.89851420 
3YTZP,RT A B C        0.88452792 
Zpex,1 YR A B C D       0.83696154 
Cercon®xt ,24 HT A B C D       0.82819697 
Cercon®xt ,5 HT A B C D E      0.82465598 
Cercon®xt ,168 HT A B C D E      0.81940521 
3YTZP,5 HT A B C D E F     0.79389452 
Cercon®xt ,1 YR  B C D E F G    0.76317354 
3YTZP,1 YR   C D E F G    0.74030000 
Cercon®xt ,RT    D E F G H   0.70600355 
3YTZP,24 HT     E F G H   0.67730000 
Zpex Smile,168 HT      F G H   0.65467940 
Zpex Smile,1 YR      F G H   0.65174811 
Zpex Smile,RT       G H   0.63413224 
Zpex Smile,24 HT       G H I  0.61730678 
Zpex Smile,5 HT        H I  0.58942597 
Zpex,24 HT         I  0.47949410 




3YTZP,168 HT          J 0.15796332 






Figure 87: Correlation between aging process and tetragonal phase fraction of all 
materials grinding groups 
Table 44: Level of significance of aging process and tetragonal phase fraction of all 
materials grinding groups 
Level      Least Sq Mean 
3YTZP,5 HT A     0.7509097 
Zpex,5 HT A B    0.7268093 
Zpex,168 HT A B    0.6692846 
Zpex,24 HT A B    0.6587485 
Zpex,RT A B    0.6468688 
3YTZP,24 HT A B C   0.6292755 
3YTZP,RT A B C   0.5619212 




























Zpex,1 YR  B C   0.4756000 
3YTZP,1 YR   C D  0.3829068 
Zpex Smile,5 HT    D E 0.1719880 
Zpex Smile,168 HT    D E 0.1546012 
Cercon®xt ,RT    D E 0.1396253 
Cercon®xt ,168 HT     E 0.1087000 
Zpex Smile,24 HT     E 0.0770989 
Zpex Smile,RT     E 0.0741948 
Cercon®xt ,24 HT     E 0.0610591 
Cercon®xt ,5 HT     E 0.0339667 
Cercon®xt ,1 YR     E 0.0141653 
Zpex Smile,1 YR     E  -6.245e-17 






Figure 88: Correlation between aging process and tetragonal phase fraction of all 
materials sandblasting groups 
Table 45: Level of significance of aging process and tetragonal phase fraction of all 
materials sandblasting groups 
Level        Least Sq Mean 
Zpex,RT A       0.76382358 
3YTZP,RT A       0.75894043 
Zpex,5 HT A       0.72211837 
3YTZP,5 HT A       0.71440281 
3YTZP,1 YR A B      0.66305249 
Zpex,1 YR A B      0.65647499 
3YTZP,24 HT  B C     0.47393333 



























Cercon®xt ,RT   C D    0.33439031 
Zpex,24 HT    D    0.27469887 
Zpex Smile,RT    D    0.26156305 
Zpex,168 HT    D E   0.23470714 
Cercon®xt ,1 YR    D E F  0.23097466 
Zpex Smile,168 HT    D E F G 0.18341540 
3YTZP,168 HT    D E F G 0.16146205 
Zpex Smile,1 YR     E F G 0.04581479 
Zpex Smile,5 HT      F G 0.03975607 
Cercon®xt ,24 HT       G 0.02072346 
Zpex Smile,24 HT       G 0.01153333 
Cercon®xt ,5 HT       G 0.00688992 





3.3.3 Cubic Phase 
 
Figure 89: Actual whole model of cubic phase fraction of all materials groups by 
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Figure 90: Actual whole model of cubic phase fraction of all materials groups after 





























Figure 91: Cubic phase fraction of all materials combined groups 
Table 46: Level of significance of cubic phase fraction of all materials combined 
groups 
Level    Least Sq Mean 
Zpex Smile A   0.47742956 
CerconXT  B  0.40860293 
3YTZP   C 0.12895767 
Zpex   C 0.08803851 





















Figure 92: Surface treatments effect on cubic phase fraction of all materials 
combined groups 
Table 47: Level of significance of surface treatments effect on cubic phase fraction 
of all materials combined groups 
Level   Least Sq Mean 
Sandblasting A  0.32416581 
Grinding A  0.31291475 
Control  B 0.19019094 





Figure 93: Aging process effect on cubic phase fraction of all materials combined 
groups 
Table 48: Level of significance of aging process effect on cubic phase fraction of all 
materials combined groups 
Level  Least Sq Mean 
1 YR A 0.29824802 
24 HT A 0.29741651 
5 HT A 0.29139127 
RT A 0.24765020 
168 HT A 0.24407984 






















Figure 94: Correlation between surface treatments and cubic phase fraction of all 
materials groups 
Table 49: Level of significance of surface treatments effect on cubic phase fraction 
of all materials groups 
Level     Least Sq Mean 
Zpex Smile,Sandblasting A    0.55299307 
Cercon®xt ,Sandblasting A    0.53889911 
Zpex Smile,Grinding A    0.52025622 
Cercon®xt ,Grinding A B   0.48114083 
Zpex Smile,Control  B   0.35903939 
Cercon®xt ,Control   C  0.20576884 
3YTZP,Control   C D 0.13751422 




























Zpex,Grinding   C D 0.11478069 
3YTZP,Sandblasting   C D 0.11387751 
Zpex,Sandblasting   C D 0.09089355 
Zpex,Control    D 0.05844131 
Levels not connected by same letter are significantly different. 
 
 
Figure 95: Correlation between surface treatments and cubic phase fraction of all 





























Table 50: Level of significance of the effect of surface treatments and cubic phase 
fraction of all materials as sintered groups 
Level     Least Sq Mean 
Zpex Smile,Grinding A    0.53582933 
Cercon®xt ,Sandblasting A B   0.47766079 
Cercon®xt ,Grinding A B   0.46052053 
Zpex Smile,Sandblasting  B C  0.38210496 
Zpex Smile,Control  B C  0.35654853 
Cercon®xt ,Control   C  0.28580906 
3YTZP,Grinding    D 0.12700349 
3YTZP,Sandblasting    D 0.11822792 
3YTZP,Control    D 0.09037194 
Zpex,Grinding    D 0.08134298 
Zpex,Sandblasting    D 0.07133547 
Zpex,Control    D 0.06324197 






Figure 96: Actual whole model of cubic phase fraction of all materials groups after 
aging process by predicted plot (p-value 0.43) 
 





















































Table 51: Level of significance of aging process effect on cubic phase fraction of all 
materials groups 
Level    Least Sq Mean 
Zpex Smile,1 YR A   0.52791826 
Zpex Smile,5 HT A   0.52719490 
Zpex Smile,24 HT A B  0.50752224 
Cercon®xt ,24 HT A B  0.46210134 
Cercon®xt ,5 HT A B  0.43190499 
Zpex Smile,RT A B  0.42482761 
Cercon®xt ,1 YR A B  0.41605133 
Zpex Smile,168 HT A B  0.39968479 
Cercon®xt ,RT A B  0.38733015 
Cercon®xt ,168 HT  B  0.34562684 
3YTZP,168 HT   C 0.14269719 
3YTZP,24 HT   C 0.13918117 
3YTZP,5 HT   C 0.13251197 
Zpex,1 YR   C 0.13049227 
3YTZP,1 YR   C 0.11853022 
3YTZP,RT   C 0.11186779 
Zpex,168 HT   C 0.08831054 
Zpex,24 HT   C 0.08086131 




Zpex,RT   C 0.06657524 
Levels not connected by same letter are significantly different. 
 
 
Figure 98: Correlation between aging process and cubic phase fraction of all 



























Table 52: Level of significance of aging process and cubic phase fraction of all 
materials as sintered groups 
Level          Least Sq Mean 
Zpex Smile,5 HT A         0.39661441 
Zpex Smile,24 HT A B        0.37047808 
Zpex Smile,RT A B        0.35654853 
Zpex Smile,1 YR A B        0.34060103 
Zpex Smile,168 HT A B        0.33095489 
Cercon®xt ,RT  B C       0.28580906 
Cercon®xt ,1 YR   C D      0.23443029 
3YTZP,168 HT    D E     0.18409426 
Cercon®xt ,168 HT    D E F    0.17244347 
Cercon®xt ,5 HT    D E F    0.17048583 
Cercon®xt ,24 HT    D E F    0.16567557 
3YTZP,24 HT    D E F G   0.14573333 
3YTZP,5 HT     E F G   0.13700490 
3YTZP,1 YR     E F G H  0.13036667 
Zpex,168 HT     E F G H  0.11586310 
3YTZP,RT      F G H I 0.09037194 
Zpex,1 YR       G H I 0.06383541 




Zpex,5 HT        H I 0.04056667 
Zpex,24 HT         I 0.00869939 
Levels not connected by same letter are significantly different. 
 
 
Figure 99: Correlation between aging process and cubic phase fraction of all 


























Table 53: Level of significance of aging process and cubic phase fraction of all 
materials grinding groups 
Level   Least Sq Mean 
Zpex Smile,5 HT A  0.56486242 
Zpex Smile,1 YR A  0.54274574 
Zpex Smile,RT A  0.53582933 
Cercon®xt ,1 YR A  0.52367961 
Cercon®xt ,24 HT A  0.50571144 
Cercon®xt ,168 HT A  0.48455925 
Zpex Smile,24 HT A  0.48289317 
Zpex Smile,168 HT A  0.47495045 
Cercon®xt ,RT A  0.46052053 
Cercon®xt ,5 HT A  0.43123333 
Zpex,1 YR  B 0.23000000 
3YTZP,1 YR  B 0.16212882 
3YTZP,168 HT  B 0.13846777 
3YTZP,5 HT  B 0.13302945 
3YTZP,RT  B 0.12700349 
Zpex,5 HT  B 0.12216208 
3YTZP,24 HT  B 0.11677683 
Zpex,24 HT  B 0.10209446 




Zpex,168 HT  B 0.05449861 
Levels not connected by same letter are significantly different. 
 
 
Figure 100: Correlation between aging process and cubic phase fraction of all 
materials sandblasting groups 
Table 54: Level of significance of aging process and cubic phase fraction of all 
materials sandblasting groups 
Level     Least Sq Mean 
Cercon®xt ,24 HT A    0.71491701 
Zpex Smile,1 YR A    0.70040800 
Cercon®xt ,5 HT A    0.69399580 
Zpex Smile,24 HT A    0.66919546 
























Cercon®xt ,1 YR  B C  0.49004410 
Cercon®xt ,RT   C  0.42884560 
Zpex Smile,168 HT   C  0.39314904 
Zpex Smile,RT   C  0.38210496 
Cercon®xt ,168 HT   C  0.37987781 
3YTZP,24 HT    D 0.15503333 
Zpex,24 HT    D 0.13179007 
3YTZP,5 HT    D 0.12750155 
3YTZP,RT    D 0.11822792 
3YTZP,168 HT    D 0.10552954 
Zpex,1 YR    D 0.09764139 
Zpex,168 HT    D 0.09456990 
Zpex,RT    D 0.07133547 
3YTZP,1 YR    D 0.06309518 
Zpex,5 HT    D 0.05913091 





3.3.4 Rhombohedral phase 
 
Figure 101: Actual whole model of rhombohedral phase fraction of all materials 
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Figure 102: Rhombohedral phase fraction of all materials combined groups 
Table 55: Level of significance of rhombohedral phase fraction of all materials 
combined groups 
Level   Least Sq Mean 
Zpex Smile A  0.22562058 
CerconXT A  0.21962504 
3YTZP  B 0.14028819 
Zpex  B 0.12023889 






















Figure 103: Surface treatments effect on rhombohedral phase fraction of all 
materials combined groups 
Table 56: Level of significance of surface treatments effect on rhombohedral phase 
fraction of all materials combined groups 
Level   Least Sq Mean 
Grinding A  0.26634684 
Sandblasting A  0.22850960 
Control  B 0.03447308 


























Figure 104: Aging process effect on rhombohedral phase fraction of all materials 
combined groups 
Table 57: Level of significance of aging process effect on rhombohedral phase 
fraction of all materials combined groups 
Level    Least Sq Mean 
24 HT A   0.21168818 
1 YR A B  0.20249862 
RT A B C 0.17090825 
5 HT  B C 0.15247673 
168 HT   C 0.14464410 


























Figure 105: Actual whole model of rhombohedral phase fraction of all materials 
groups after surface treatments by predicted plot (p-value <0.001*) 
 
Figure 106: Correlation between surface treatments and rhombohedral phase 























































Table 58: Level of significance of surface treatments effect on rhombohedral phase 
fraction of all materials groups 
Level       Least Sq Mean 
Cercon®xt ,Grinding A      0.38409420 
Zpex Smile,Grinding A B     0.33288875 
Zpex Smile,Sandblasting A B     0.33247089 
Cercon®xt ,Sandblasting  B C    0.26914348 
3YTZP,Grinding   C D   0.20386853 
3YTZP,Sandblasting    D E  0.16186978 
Zpex,Sandblasting    D E  0.15055424 
Zpex,Grinding    D E  0.14453590 
Zpex,Control     E F 0.06562653 
3YTZP,Control     E F 0.05512624 
Zpex Smile,Control      F 0.01150211 
Cercon®xt ,Control      F 0.00563744 





Figure 107: Correlation between surface treatments and rhombohedral phase 
fraction of all materials as sintered groups 
Table 59: Level of significance of the effect of surface treatments and rhombohedral 
phase fraction of all materials as sintered groups 
Level     Least Sq Mean 
Cercon®xt ,Grinding A    0.36045546 
Zpex Smile,Sandblasting A    0.35529865 
Zpex Smile,Grinding A B   0.32486920 
Cercon®xt ,Sandblasting A B   0.28898547 
3YTZP,Grinding A B   0.25997424 
Zpex,Grinding  B C  0.21614723 
Zpex,Sandblasting   C D 0.11373991 






























3YTZP,Control    D 0.02340007 
Zpex,Control    D 0.01723230 
Zpex Smile,Control    D 0.00931922 
Cercon®xt ,Control    D 0.00818739 
Levels not connected by same letter are significantly different. 
 
Figure 108: Actual whole model of rhombohedral phase fraction of all materials 































Figure 109: Correlation between aging process and rhombohedral phase fraction of 
all materials groups 
Table 60: Level of significance of aging process effect on rhombohedral phase 
fraction of all materials groups 
Level     Least Sq Mean 
Zpex Smile,168 HT A    0.24473796 
Cercon®xt ,5 HT A    0.23499083 
Zpex Smile,24 HT A    0.23085510 
Zpex Smile,RT A    0.22982902 
Cercon®xt ,1 YR A    0.22766357 
Cercon®xt ,24 HT A B   0.22567147 
Zpex Smile,1 YR A B C  0.22438797 































3YTZP,24 HT A B C  0.20883732 
Cercon®xt ,168 HT A B C  0.20765893 
Cercon®xt ,RT A B C  0.20214040 
Zpex Smile,5 HT A B C D 0.19829287 
Zpex,24 HT A B C D 0.18138882 
Zpex,1 YR A B C D 0.14391538 
3YTZP,RT A B C D 0.12850203 
Zpex,RT A B C D 0.12316154 
Zpex,5 HT A B C D 0.10065942 
3YTZP,5 HT  B C D 0.07596380 
3YTZP,168 HT   C D 0.07411023 
Zpex,168 HT    D 0.05206929 






Figure 110: Correlation between aging process and rhombohedral phase fraction of 
all materials as sintered groups 
Table 61: Level of significance of aging process and rhombohedral phase fraction of 
all materials as sintered groups 
Level      Least Sq Mean 
Zpex,24 HT A     0.19440612 
3YTZP,24 HT  B    0.09050000 
3YTZP,1 YR  B C   0.07046667 
3YTZP,168 HT  B C D  0.06906435 
Zpex,168 HT  B C D E 0.04196557 
Zpex,5 HT  B C D E 0.03999414 
Zpex,1 YR  B C D E 0.03453451 






























3YTZP,5 HT   C D E 0.02220012 
Zpex,RT   C D E 0.01723230 
Zpex Smile,168 HT   C D E 0.01436571 
Zpex Smile,5 HT   C D E 0.01395962 
Zpex Smile,24 HT   C D E 0.01221514 
Zpex Smile,RT   C D E 0.00931922 
Cercon®xt ,RT   C D E 0.00818739 
Zpex Smile,1 YR    D E 0.00765085 
Cercon®xt ,168 HT    D E 0.00748466 
Cercon®xt ,24 HT     E 0.00526080 
Cercon®xt ,5 HT     E 0.00485820 
Cercon®xt ,1 YR     E 0.00239617 






Figure 111: Correlation between aging process and rhombohedral phase fraction of 
all materials grinding groups 
Table 62: Level of significance of aging process and rhombohedral phase fraction of 
all materials grinding groups 
Level       Least Sq Mean 
Zpex Smile,1 YR A      0.42066918 
Cercon®xt ,24 HT A      0.41252741 
Cercon®xt ,1 YR A B     0.40954744 
Cercon®xt ,5 HT A B     0.40100000 
Zpex Smile,24 HT A B C    0.38170985 
3YTZP,1 YR A B C    0.36349342 
Cercon®xt ,RT A B C    0.36045546 































Zpex Smile,RT A B C    0.32486920 
Zpex Smile,168 HT A B C D   0.29641259 
3YTZP,RT A B C D E  0.25997424 
Zpex Smile,5 HT A B C D E F 0.24078293 
Zpex,1 YR A B C D E F 0.23300000 
Zpex,RT   C D E F 0.21614723 
3YTZP,24 HT  B C D E F 0.21537864 
Zpex,5 HT    D E F 0.11172994 
3YTZP,168 HT     E F 0.10003444 
Zpex,24 HT     E F 0.08876379 
3YTZP,5 HT     E F 0.08046193 
Zpex,168 HT      F 0.05067334 






Figure 112: Correlation between aging process and rhombohedral phase fraction of 
all materials sandblasting groups 
Table 63: Level of significance of aging process and rhombohedral phase fraction of 
all materials sandblasting groups 
Level          Least Sq Mean 
Zpex Smile,168 HT A         0.42343556 
Zpex Smile,RT A B        0.35529865 
Zpex Smile,5 HT A B C       0.34013605 
3YTZP,24 HT A B C       0.32063333 
Cercon®xt ,5 HT A B C D      0.29911428 
Zpex Smile,24 HT A B C D      0.29864030 
Cercon®xt ,168 HT  B C D E     0.27855146 






























Zpex,24 HT  B C D E F    0.26099655 
Cercon®xt ,24 HT  B C D E F    0.25922619 
Zpex Smile,1 YR  B C D E F G   0.24484388 
Cercon®xt ,RT  B C D E F G   0.23606410 
3YTZP,1 YR   C D E F G H  0.20812255 
Zpex,1 YR    D E F G H I 0.16421162 
Zpex,5 HT     E F G H I 0.15025416 
3YTZP,5 HT      F G H I 0.12522933 
Zpex,RT       G H I 0.11373991 
3YTZP,RT        H I 0.10213178 
Zpex,168 HT         I 0.06356897 
3YTZP,168 HT         I 0.05323191 





3.3.5 3YTZP groups 
The mean amount of monoclinic, tetragonal, cubic, and rhombohedral phase of the 
3YTZP groups is illustrated in Figure 113. The effect summary report for Cercon®xt 
groups fitness data table shows statistical significance with p-value <0.0001*and R2=0.84 
(Table 64). 
 
Figure 113: Graphic illustration of mean amount of monoclinic, tetragonal, cubic, 





Table 64: Effect summary table of monoclinic, tetragonal, cubic, and rhombohedral 
phases fraction for 3YTZP groups 












Figure 114: Actual whole model of monoclinic phase fraction of 3YTZP groups by 
predicted plot (R2=0.84, p-value<0.0001*) 
Grinding surface treatment groups of 3YTZP material contains the lowest amount 
of monoclinic phase as compared to control groups and sandblasting surface treatment 
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Figure 115: Correlation between surface treatments and monoclinic phase fraction 
of 3YTZP groups 
Table 65: Level of significance of the effect of surface treatments on monoclinic 
phase fraction of 3YTZP groups 
Level  Least Sq Mean 
Sandblasting A 0.16989449 
Control A 0.15656239 
Grinding A 0.09946335 
Levels not connected by same letter are significantly different. 
The aging process of 3YTZP groups shows that 168 hours accelerated aging had 
the highest fraction of monoclinic phase as compared to control, 24 hours, 5 hours 





Figure 116: Correlation between aging process and monoclinic phase fraction of 
3YTZP groups 
Table 66: Level of significance of the effect of aging process on monoclinic phase 
fraction of 3YTZP groups 
Level   Least Sq Mean 
168 HT A  0.51641043 
1 YR  B 0.07202248 
24 HT  B 0.05847856 
5 HT  B 0.03845524 
RT  B 0.02450033 





Table 67: Level of significance of surface treatments and aging process effect on 
monoclinic phase fraction of 3YTZP groups 
Level    Least Sq Mean 
Sandblasting,168 HT A   0.67977650 
Control,168 HT A B  0.58887807 
Grinding,168 HT  B C 0.28057672 
Grinding,1 YR   C 0.09147098 
Control,24 HT   C 0.08646667 
Sandblasting,1 YR   C 0.06572978 
Control,1 YR   C 0.05886667 
Grinding,RT   C 0.05110107 
Sandblasting,24 HT   C 0.05040000 
Control,5 HT   C 0.04690046 
Grinding,24 HT   C 0.03856901 
Grinding,5 HT   C 0.03559895 
Sandblasting,5 HT   C 0.03286631 
Sandblasting,RT   C 0.02069986 
Control,RT   C 0.00170007 





Figure 117: Actual whole model of tetragonal phase fraction of 3YTZP groups by 
predicted plot (R2=0.67, p-value 0.0003*) 
Grinding and sandblasting surface treatment of 3YTZP groups resulted in lower 
amount of tetragonal phase as compared to the control groups with no statistically 





Figure 118: Correlation between surface treatments and tetragonal phase fraction 
of 3YTZP groups 
Table 68: Level of significance of the effect of surface treatments on tetragonal 
phase fraction of 3YTZP groups 
Level  Least Sq Mean 
Control A 0.65079715 
Grinding A 0.56118685 
Sandblasting A 0.55435822 
Levels not connected by same letter are significantly different. 
The aging process of 3YTZP groups shows that 168 hours accelerated aging had 
significantly the lowest fraction of tetragonal phase as compared to the control group, 5 





Figure 119: Correlation between aging process and tetragonal phase fraction of 
3YTZP groups 
Table 69: Level of significance of aging process effect on tetragonal phase fraction of 
3YTZP groups 
Level   Least Sq Mean 
5 HT A  0.75306900 
RT A  0.73512985 
1 YR A  0.59541976 
24 HT A  0.59350295 
168 HT  B 0.26678215 




Table 70: Level of significance of surface treatments and aging process effect on 
tetragonal phase fraction of 3YTZP groups 
Level   Least Sq Mean 
Control,RT A  0.88452792 
Control,5 HT A  0.79389452 
Sandblasting,RT A  0.75894043 
Grinding,5 HT A  0.75090966 
Control,1 YR A  0.74030000 
Sandblasting,5 HT A  0.71440281 
Control,24 HT A B 0.67730000 
Sandblasting,1 YR A B 0.66305249 
Grinding,24 HT A B 0.62927552 
Grinding,RT A B 0.56192120 
Grinding,168 HT A B 0.48092107 
Sandblasting,24 HT A B 0.47393333 
Grinding,1 YR A B 0.38290678 
Sandblasting,168 HT  B 0.16146205 
Control,168 HT  B 0.15796332 





Figure 120: Actual whole model of cubic phase fraction of 3YTZP groups by 
predicted plot (R2=0.20, p-value 0.8821) 
There was no statistically significant difference in the cubic phase fraction of 






Figure 121: Correlation between surface treatments and cubic phase fraction of 
3YTZP groups 
Table 71: Level of significance of surface treatments effect on cubic phase fraction 
of 3YTZP groups 
Level  Least Sq Mean 
Control A 0.13751422 
Grinding A 0.13548127 
Sandblasting A 0.11387751 
Levels not connected by same letter are significantly different. 
There was no statistically significant difference in the cubic phase fraction of 
3YTZP groups after accelerated and real time aging as compared to the control groups 





Figure 122: Correlation between aging process and cubic phase fraction of 3YTZP 
groups 
Table 72: Level of significance of aging process effect on cubic phase fraction of 
3YTZP groups 
Level  Least Sq Mean 
168 HT A 0.14269719 
24 HT A 0.13918117 
5 HT A 0.13251197 
1 YR A 0.11853022 
RT A 0.11186779 





Table 73: Level of significance of surface treatment and aging process effect on 
cubic phase fraction of 3YTZP groups 
Level  Least Sq Mean 
Control,168 HT A 0.18409426 
Grinding,1 YR A 0.16212882 
Sandblasting,24 HT A 0.15503333 
Control,24 HT A 0.14573333 
Grinding,168 HT A 0.13846777 
Control,5 HT A 0.13700490 
Grinding,5 HT A 0.13302945 
Control,1 YR A 0.13036667 
Sandblasting,5 HT A 0.12750155 
Grinding,RT A 0.12700349 
Sandblasting,RT A 0.11822792 
Grinding,24 HT A 0.11677683 
Sandblasting,168 HT A 0.10552954 
Control,RT A 0.09037194 
Sandblasting,1 YR A 0.06309518 





Figure 123: Actual whole model of rhombohedral phase fraction of 3YTZP groups 
by predicted plot (R2=0.61, p-value 0.0024*) 
Grinding and sandblasting surface treatment groups of 3YTZP material contained 






Figure 124: Correlation between surface treatments and rhombohedral phase 
fraction of 3YTZP groups 
Table 74: Level of significance of surface treatments effect on rhombohedral phase 
fraction of 3YTZP groups 
Level   Least Sq Mean 
Grinding A  0.20386853 
Sandblasting A  0.16186978 
Control  B 0.05512624 
Levels not connected by same letter are significantly different. 
The aging process of 3YTZP groups shows that 1-year real time aging had 
significantly the highest fraction of rhombohedral phase as compared to 5 hours and 168 





Figure 125: Correlation between aging process and rhombohedral phase fraction of 
3YTZP groups 
Table 75: Level of significance of aging process effect on rhombohedral phase 
fraction of 3YTZP groups 
Level   Least Sq Mean 
1 YR A  0.21402755 
24 HT A B 0.20883732 
RT A B 0.12850203 
5 HT  B 0.07596380 
168 HT  B 0.07411023 





Table 76: Level of significance of surface treatment and aging process effect on 
rhombohedral phase fraction of 3YTZP groups 
Level   Least Sq Mean 
Grinding,1 YR A  0.36349342 
Sandblasting,24 HT A B 0.32063333 
Grinding,RT A B 0.25997424 
Grinding,24 HT A B 0.21537864 
Sandblasting,1 YR A B 0.20812255 
Sandblasting,5 HT A B 0.12522933 
Sandblasting,RT A B 0.10213178 
Grinding,168 HT A B 0.10003444 
Control,24 HT A B 0.09050000 
Grinding,5 HT A B 0.08046193 
Control,1 YR A B 0.07046667 
Control,168 HT A B 0.06906435 
Sandblasting,168 HT  B 0.05323191 
Control,RT  B 0.02340007 
Control,5 HT  B 0.02220012 





3.3.6 Zpex groups 
 
Figure 126: Graphic illustration of mean amount of monoclinic, tetragonal, cubic, 
and rhombohedral phase fraction of Zpex groups 
Table 77: Effect summary table of monoclinic, tetragonal, cubic, and rhombohedral 
phases fraction for Zpex groups 















Figure 127: Actual whole model of monoclinic phase fraction of Zpex groups by 
predicted plot (R2=0.88, p-value <0.0001*) 
Grinding surface treatment of Zpex groups resulted in significantly lower amount 
of monoclinic phase fraction as compared to the control and sandblasting groups (Figure 





Figure 128: Correlation between surface treatments and monoclinic phase fraction 
of Zpex groups 
Table 78: Level of significance of surface treatments effect on monoclinic phase 
fraction of Zpex groups 
Level   Least Sq Mean 
Sandblasting A  0.22818762 
Control A  0.21293347 
Grinding  B 0.10646194 
Levels not connected by same letter are significantly different. 
168 hours accelerated aging groups of 3YTZP had significantly the highest amount 
of monoclinic phase as compared to control, 5 hours, 24 hours accelerated aging and 1-




significantly higher amounts of monoclinic phase as compared to the control, 5 hour 
accelerated aging and 1-year real time aging groups (Table 79). 
 
Figure 129: Correlation between aging process and monoclinic phase fraction of 
Zpex groups 
Table 79: Level of significance of aging process effect on monoclinic phase fraction 
of Zpex groups 
Level    Least Sq Mean 
168 HT A   0.49782358 
24 HT  B  0.26676937 
1 YR   C 0.06924684 
5 HT   C 0.04290676 
RT   C 0.03589181 




Table 80: Level of significance of surface treatments and aging process effect on 
monoclinic phase fraction of Zpex groups 
Level     Least Sq Mean 
Control,168 HT A    0.66074001 
Sandblasting,168 HT A    0.60715399 
Sandblasting,24 HT  B   0.33251452 
Control,24 HT  B C  0.31740039 
Grinding,168 HT  B C D 0.22557674 
Grinding,24 HT  B C D 0.15039322 
Sandblasting,1 YR  B C D 0.08167199 
Sandblasting,5 HT  B C D 0.06849655 
Control,1 YR  B C D 0.06466854 
Grinding,1 YR   C D 0.06140000 
Grinding,RT    D 0.05564100 
Sandblasting,RT   C D 0.05110104 
Grinding,5 HT    D 0.03929873 
Control,5 HT    D 0.02092500 
Control,RT    D 0.00093340 





Figure 130: Actual whole model of tetragonal phase fraction of Zpex groups by 
predicted plot (R2=0.85, p-value <0.0001*) 
Sandblasting surface treatment of Zpex groups resulted in significantly lower 






Figure 131: Correlation between surface treatments and tetragonal phase fraction 
of Zpex groups 
Table 81: Level of significance of surface treatments effect on tetragonal phase 
fraction of Zpex groups 
Level   Least Sq Mean 
Control A  0.66299870 
Grinding A  0.63546224 
Sandblasting  B 0.53036459 
Levels not connected by same letter are significantly different. 
168 hours accelerated aging of Zpex groups had significantly the lowest fraction of 
tetragonal phase fraction as compared to the control groups, 5 hours accelerated aging 
groups and 1-year real time aging groups (Figure 132). Also, 24 hours accelerated aging of 















Table 82: Level of significance of aging process effect on tetragonal phase fraction of 
Zpex groups 
Level   Least Sq Mean 
5 HT A  0.78248061 
RT A  0.77642823 
1 YR A  0.65634551 
24 HT  B 0.47098050 
168 HT  B 0.36180770 
Levels not connected by same letter are significantly different. 
Table 83: Level of significance of surface treatments and aging process effect on 
tetragonal phase fraction of Zpex groups 
Level    Least Sq Mean 
Control,RT A   0.91859233 
Control,5 HT A   0.89851420 
Control,1 YR A   0.83696154 
Sandblasting,RT A B  0.76382358 
Grinding,5 HT A B  0.72680925 
Sandblasting,5 HT A B  0.72211837 
Grinding,168 HT A B  0.66928463 
Grinding,24 HT A B  0.65874853 
Sandblasting,1 YR A B  0.65647499 




Control,24 HT  B C 0.47949410 
Grinding,1 YR  B C 0.47560000 
Sandblasting,24 HT   C 0.27469887 
Sandblasting,168 HT   C 0.23470714 
Control,168 HT   C 0.18143133 
Levels not connected by same letter are significantly different. 
 
Figure 133: Actual whole model of cubic phase fraction of Zpex groups by predicted 
plot (R2=0.33, p-value 0.3923) 
 There was no statistically significant difference in the fraction of cubic phase of 





Figure 134: Correlation between surface treatments and cubic phase fraction of 
Zpex groups 
Level  Least Sq Mean 
Grinding A 0.11801963 
Sandblasting A 0.09089355 
Control A 0.05844131 
Levels not connected by same letter are significantly different. 
1-year real time aging groups had the highest fraction of cubic phase with no 





Figure 135: Correlation between aging process and cubic phase fraction of Zpex 
group 
Table 84: Level of significance of aging process effect on cubic phase fraction of 
Zpex groups 
Level  Least Sq Mean 
1 YR A 0.13049227 
168 HT A 0.08831054 
24 HT A 0.08086131 
5 HT A 0.07395322 
RT A 0.07197348 





Table 85: Level of significance of surface treatments and aging process effect on 
cubic phase fraction of Zpex groups 
Level  Least Sq Mean 
Grinding,1 YR A 0.23000000 
Sandblasting,24 HT A 0.13179007 
Grinding,5 HT A 0.12216208 
Control,168 HT A 0.11586310 
Grinding,24 HT A 0.10209446 
Sandblasting,1 YR A 0.09764139 
Sandblasting,168 HT A 0.09456990 
Grinding,RT A 0.08134298 
Sandblasting,RT A 0.07133547 
Control,1 YR A 0.06383541 
Control,RT A 0.06324197 
Sandblasting,5 HT A 0.05913091 
Grinding,168 HT A 0.05449861 
Control,5 HT A 0.04056667 
Control,24 HT A 0.00869939 





Figure 136: Actual whole model of rhombohedral phase fraction of Zpex groups by 
predicted plot (R2=0.56, p-value 0.0060*) 
Sandblasting surface treatment of Zpex groups resulted in a significantly higher 
amount of rhombohedral phase fraction as compared to the control and grinding groups 





Figure 137: Correlation between surface treatments and rhombohedral phase 
fraction of Zpex groups 
Table 86: Level of significance of surface treatments effect on rhombohedral phase 
fraction of Zpex groups 
Level   Least Sq Mean 
Sandblasting A  0.15055424 
Grinding A  0.14006286 
Control  B 0.06562653 
Levels not connected by same letter are significantly different. 
Zpex 24 hours accelerated aging groups had significantly higher fraction 





Figure 138: Correlation between aging process and rhombohedral phase fraction of 
Zpex group 
Table 87: Level of significance of aging process effect on rhombohedral phase 
fraction of Zpex groups 
Level   Least Sq Mean 
24 HT A  0.18138882 
1 YR A B 0.14391538 
RT A B 0.11570648 
5 HT A B 0.10065942 
168 HT  B 0.05206929 





Table 88: Level of significance of surface treatments and aging process effect on 
rhombohedral phase fraction of Zpex groups 
Level  Least Sq Mean 
Sandblasting,24 HT A 0.26099655 
Grinding,1 YR A 0.23300000 
Grinding,RT A 0.21614723 
Control,24 HT A 0.19440612 
Sandblasting,1 YR A 0.16421162 
Sandblasting,5 HT A 0.15025416 
Sandblasting,RT A 0.11373991 
Grinding,5 HT A 0.11172994 
Grinding,24 HT A 0.08876379 
Sandblasting,168 HT A 0.06356897 
Grinding,168 HT A 0.05067334 
Control,168 HT A 0.04196557 
Control,5 HT A 0.03999414 
Control,1 YR A 0.03453451 
Control,RT A 0.01723230 





3.3.7 Zpex Smile groups 
 
Figure 139: Graphic illustration of mean amount of monoclinic, tetragonal, cubic, 
and rhombohedral phase fraction of Zpex Smile groups 
Table 89: Effect summary table of monoclinic, tetragonal, cubic, and rhombohedral 
phases fraction for Zpex Smile groups 















Figure 140: Actual whole model of monoclinic phase fraction of Zpex Smile groups 
by predicted plot (R2=0.83, p-value <0.0001*) 
Grinding surface treatment groups of Zpex Smile have significantly the highest 
fraction of monoclinic phase as compared to the control and sandblasting groups (Figure 





Figure 141: Correlation between surface treatments and monoclinic phase fraction 
of Zpex Smile groups 
Table 90: Level of significance of surface treatments effect on monoclinic phase 
fraction of Zpex Smile groups 
Level   Least Sq Mean 
Grinding A  0.05127846 
Sandblasting  B 0.00611951 
Control  B 3.4694e-18 
Levels not connected by same letter are significantly different. 
Accelerated and real time aging processes alone did not have any statistically 






Figure 142: Correlation between aging process and monoclinic phase fraction of 
Zpex Smile groups 
Table 91: Level of significance of aging process effect on monoclinic phase fraction 
of Zpex Smile groups 
Level  Least Sq Mean 
24 HT A 0.02630965 
168 HT A 0.02467859 
RT A 0.02204668 
1 YR A 0.01517280 
5 HT A 0.00745556 





Table 92: Level of significance of surface treatments and aging process effect on 
monoclinic phase fraction of Zpex Smile groups 
Level     Least Sq Mean 
Grinding,168 HT A    0.07403578 
Grinding,RT A B   0.06510671 
Grinding,24 HT A B C  0.05829804 
Grinding,1 YR A B C D 0.03658508 
Grinding,5 HT  B C D 0.02236667 
Sandblasting,24 HT   C D 0.02063091 
Sandblasting,1 YR    D 0.00893333 
Sandblasting,RT    D 0.00103333 
Control,RT    D 5.6379e-18 
Control,168 HT    D 3.4694e-18 
Sandblasting,5 HT    D 3.4694e-18 
Sandblasting,168 HT    D 3.4694e-18 
Control,24 HT    D 2.6021e-18 
Control,1 YR    D 2.6021e-18 
Control,5 HT    D 1.7347e-18 





Figure 143: Actual whole model of tetragonal phase fraction of Zpex Smile groups 
by predicted plot (R2=0.95, p-value <0.0001*) 
Grinding and sandblasting surface treatments groups of Zpex Smile material 
contains significantly the smallest amount of tetragonal phase fraction as compared to 





Figure 144: Correlation between surface treatments and tetragonal phase fraction 
of Zpex Smile groups 
Table 93: Level of significance of surface treatments effect on tetragonal phase 
fraction of Zpex Smile groups 
Level   Least Sq Mean 
Control A  0.62945850 
Sandblasting  B 0.10841653 
Grinding  B 0.09557657 
Levels not connected by same letter are significantly different. 
Accelerated and real time aging processes alone did not have any statistically 






Figure 145: Correlation between aging process and tetragonal phase fraction of 
Zpex Smile groups 
Table 94: Level of significance of aging process effect on tetragonal phase fraction of 
Zpex Smile groups 
Level  Least Sq Mean 
168 HT A 0.33089866 
RT A 0.32329668 
5 HT A 0.26705667 
24 HT A 0.23531302 
1 YR A 0.23252097 





Table 95: Level of significance of surface treatments and aging process effect on 
tetragonal phase fraction of Zpex Smile groups 
Level    Least Sq Mean 
Control,168 HT A   0.6546794 
Control,1 YR A   0.6517481 
Control,RT A   0.6341322 
Control,24 HT A   0.6173068 
Control,5 HT A   0.5894260 
Sandblasting,RT  B  0.2615631 
Sandblasting,168 HT  B C 0.1834154 
Grinding,5 HT  B C 0.1719880 
Grinding,168 HT  B C 0.1546012 
Grinding,24 HT  B C 0.0770989 
Grinding,RT  B C 0.0741948 
Sandblasting,1 YR  B C 0.0458148 
Sandblasting,5 HT  B C 0.0397561 
Sandblasting,24 HT   C 0.0115333 
Grinding,1 YR   C  -5.811e-17 





Figure 146: Actual whole model of cubic phase fraction of Zpex Smile groups by 
predicted plot (R2=0.67, p-value 0.0004*) 
Grinding and sandblasting surface treatments groups of Zpex Smile material 
contains significantly the most amount of cubic phase fraction as compared to control 





Figure 147: Correlation between surface treatments and cubic phase fraction of 
Zpex Smile groups 
Table 96: Level of significance of surface treatments effect on cubic phase fraction 
of Zpex Smile groups 
Level   Least Sq Mean 
Sandblasting A  0.55299307 
Grinding A  0.52025622 
Control  B 0.35903939 
Levels not connected by same letter are significantly different. 
Accelerated and real time aging processes alone did not have any statistically 






Figure 148: Correlation between aging process and cubic phase fraction of Zpex 
Smile groups 
Table 97: Level of significance of surface treatments and aging process effect on 
cubic phase fraction of Zpex Smile groups 
Level  Least Sq Mean 
1 YR A 0.52791826 
5 HT A 0.52719490 
24 HT A 0.50752224 
RT A 0.42482761 
168 HT A 0.39968479 





Table 98: Level of significance of surface treatments and aging process effect on 
cubic phase fraction of Zpex Smile groups 
Level    Least Sq Mean 
Sandblasting,1 YR A   0.70040800 
Sandblasting,24 HT A B  0.66919546 
Sandblasting,5 HT A B C 0.62010788 
Grinding,5 HT A B C 0.56486242 
Grinding,1 YR A B C 0.54274574 
Grinding,RT A B C 0.53582933 
Grinding,24 HT A B C 0.48289317 
Grinding,168 HT A B C 0.47495045 
Control,5 HT A B C 0.39661441 
Sandblasting,168 HT A B C 0.39314904 
Sandblasting,RT  B C 0.38210496 
Control,24 HT  B C 0.37047808 
Control,RT   C 0.35654853 
Control,1 YR   C 0.34060103 
Control,168 HT   C 0.33095489 





Figure 149: Actual whole model of rhombohedral phase fraction of Zpex Smile 
groups by predicted plot (R2=0.84, p-value <0.0001*) 
Grinding and sandblasting surface treatments groups of Zpex Smile material 
contains significantly the most amount of rhombohedral phase fraction as compared to 





Figure 150: Correlation between surface treatments and rhombohedral phase 
fraction of Zpex Smile groups 
Table 99: Level of significance of surface treatments effect on rhombohedral phase 
fraction of Zpex Smile groups 
Level   Least Sq Mean 
Grinding A  0.33288875 
Sandblasting A  0.33247089 
Control  B 0.01150211 
Levels not connected by same letter are significantly different. 
Accelerated and real time aging processes alone did not have any statistically 






Figure 151: Correlation between aging process and rhombohedral phase fraction of 
Zpex Smile groups 
Table 100: Level of significance of aging process effect on rhombohedral phase 
fraction of Zpex Smile groups 
Level  Least Sq Mean 
168 HT A 0.24473796 
24 HT A 0.23085510 
RT A 0.22982902 
1 YR A 0.22438797 
5 HT A 0.19829287 





Table 101: Level of significance of surface treatments and aging process effect on 
rhombohedral phase fraction of Zpex Smile groups 
Level   Least Sq Mean 
Sandblasting,168 HT A  0.42343556 
Grinding,1 YR A  0.42066918 
Grinding,24 HT A  0.38170985 
Sandblasting,RT A  0.35529865 
Sandblasting,5 HT A  0.34013605 
Grinding,RT A  0.32486920 
Sandblasting,24 HT A  0.29864030 
Grinding,168 HT A  0.29641259 
Sandblasting,1 YR A B 0.24484388 
Grinding,5 HT A B 0.24078293 
Control,168 HT  B 0.01436571 
Control,5 HT  B 0.01395962 
Control,24 HT  B 0.01221514 
Control,RT  B 0.00931922 
Control,1 YR  B 0.00765085 





3.3.8 Cercon®xt groups 
 
Figure 152: Graphic illustration of mean amount of monoclinic, tetragonal, cubic, 
and rhombohedral phase fraction of Cercon®xt groups 
Table 102: Effect summary table of monoclinic, tetragonal, cubic, and 
rhombohedral phases fraction for Cercon®xt groups 















Figure 153: Actual whole model of monoclinic phase fraction of Cercon®xt groups 
by predicted plot (R2=0.53, p-value 0.0171*) 
Grinding surface treatments groups of Cercon®xt material had significantly higher 





Figure 154: Correlation between surface treatments and monoclinic phase fraction 
of Cercon®xt groups 
Table 103: Level of significance of surface treatments effect on monoclinic phase 
fraction of Cercon®xt groups 
Level   Least Sq Mean 
Grinding A  0.06326171 
Sandblasting  B 0.00359349 
Control  B 0.00030667 
Levels not connected by same letter are significantly different. 
Accelerated and real time aging processes alone of Cercon®xt groups did not have 






Figure 155: Correlation between aging process and monoclinic phase fraction of 
Cercon®xt groups 
Table 104: Level of significance of aging process effect on monoclinic phase fraction 
of Cercon®xt groups 
Level  Least Sq Mean 
5 HT A 0.04460000 
168 HT A 0.02488891 
1 YR A 0.02018061 
RT A 0.01336623 
24 HT A 0.00890069 





Table 105: Level of significance of surface treatments and aging process effect on 
monoclinic phase fraction of Cercon®xt groups 
Level   Least Sq Mean 
Grinding,5 HT A  0.13380000 
Grinding,168 HT A B 0.06980008 
Grinding,1 YR A B 0.05260770 
Grinding,RT A B 0.03939870 
Grinding,24 HT A B 0.02070207 
Sandblasting,1 YR  B 0.00793413 
Sandblasting,24 HT  B 0.00513333 
Sandblasting,168 HT  B 0.00420000 
Control,24 HT  B 0.00086667 
Sandblasting,RT  B 0.00070000 
Control,168 HT  B 0.00066667 
Control,RT  B 1.0408e-17 
Control,5 HT  B 6.9389e-18 
Control,1 YR  B 4.3368e-18 
Sandblasting,5 HT  B 0.00000000 





Figure 156: Actual whole model of tetragonal phase fraction of Cercon®xt groups 
by predicted plot (R2=0.92, p-value <0.0001*) 
Grinding and sandblasting surface treatments groups of Cercon®xt material contain 
significantly the lowest amount of tetragonal phase fraction as compared to control groups. 
Also, grinding surface treatments groups contain significantly lower amount of tetragonal 






Figure 157: Correlation between surface treatments and tetragonal phase fraction 
of Cercon®xt groups 
Table 106: Level of significance of surface treatments effect on tetragonal phase 
fraction of Cercon®xt groups 
Level    Least Sq Mean 
Control A   0.78828705 
Sandblasting  B  0.18606982 
Grinding   C 0.07150326 
Levels not connected by same letter are significantly different. 
Accelerated and real time aging processes alone of Cercon®xt groups did not have 






Figure 158: Correlation between aging process and tetragonal phase fraction of 
Cercon®xt groups 
Table 107: Level of significance of aging process effect on tetragonal phase fraction 
of Cercon®xt groups 
Level  Least Sq Mean 
168 HT A 0.42182531 
RT A 0.39333972 
1 YR A 0.33610449 
24 HT A 0.30332650 
5 HT A 0.28850419 





Table 108: Level of significance of surface treatments and aging process effect on 
tetragonal phase fraction of Cercon®xt groups 
Level   Least Sq Mean 
Control,24 HT A  0.82819697 
Control,5 HT A  0.82465598 
Control,168 HT A  0.81940521 
Control,1 YR A  0.76317354 
Control,RT A  0.70600355 
Sandblasting,168 HT  B 0.33737074 
Sandblasting,RT  B 0.33439030 
Sandblasting,1 YR  B 0.23097466 
Grinding,RT  B 0.13962530 
Grinding,168 HT  B 0.10870000 
Grinding,24 HT  B 0.06105909 
Grinding,5 HT  B 0.03396667 
Sandblasting,24 HT  B 0.02072346 
Grinding,1 YR  B 0.01416525 
Sandblasting,5 HT  B 0.00688992 





Figure 159: Actual whole model of cubic phase fraction of Cercon®xt groups by 
predicted plot (R2=0.72, p-value <0.0001*) 
Grinding and sandblasting surface treatment groups of Cercon®xt material contain 
significantly the highest amount of cubic phase fraction as compared to control groups 





Figure 160: Correlation between aging process and cubic phase fraction of 
Cercon®xt groups 
Table 109: Level of significance of surface treatments effect on cubic phase fraction 
of Cercon®xt groups 
Level   Least Sq Mean 
Sandblasting A  0.54153606 
Grinding A  0.48114083 
Control  B 0.20576884 
Levels not connected by same letter are significantly different. 
Accelerated and real time aging processes alone of Cercon®xt groups did not have 





Figure 161: Correlation between aging process and cubic phase fraction of 
Cercon®xt groups 
Table 110: Level of significance of aging process effect on cubic phase fraction of 
Cercon®xt groups 
Level  Least Sq Mean 
24 HT A 0.46210134 
5 HT A 0.43190499 
1 YR A 0.41605133 
RT A 0.39172506 
168 HT A 0.34562684 





Table 111: Level of significance of surface treatments and aging process effect on 
cubic phase fraction of Cercon®xt groups 
Level   Least Sq Mean 
Sandblasting,24 HT A  0.71491701 
Sandblasting,5 HT A  0.69399580 
Grinding,1 YR A B 0.52367961 
Grinding,24 HT A B 0.50571144 
Sandblasting,1 YR A B 0.49004410 
Grinding,168 HT A B 0.48455925 
Grinding,RT A B 0.46052053 
Grinding,5 HT A B 0.43123333 
Sandblasting,RT A B 0.42884560 
Sandblasting,168 HT A B 0.37987781 
Control,RT  B 0.28580906 
Control,1 YR  B 0.23443029 
Control,168 HT  B 0.17244347 
Control,5 HT  B 0.17048583 
Control,24 HT  B 0.16567557 





Figure 162: Actual whole model of rhombohedral phase fraction of Cercon®xt 
groups by predicted plot (R2=0.86, p-value <0.0001*) 
Grinding and sandblasting surface treatment groups of Cercon®xt material contain 
significantly the highest fraction of rhombohedral phase as compared to control groups 
(Figure 163). Also, grinding surface treatments groups contain significantly higher fraction 





Figure 163: Correlation between aging process and rhombohedral phase fraction of 
Cercon®xt groups 
Table 112: Level of significance of surface treatments effect on rhombohedral phase 
fraction of Cercon®xt groups 
Level    Least Sq Mean 
Grinding A   0.38409420 
Sandblasting  B  0.26880063 
Control   C 0.00563744 
Levels not connected by same letter are significantly different. 
Accelerated and real time aging processes alone of Cercon®xt groups did not have 






Figure 164: Correlation between aging process and rhombohedral phase fraction of 
Cercon®xt groups 
Table 113: Level of significance of aging process effect on rhombohedral phase 
fraction of Cercon®xt groups 
Level  Least Sq Mean 
5 HT A 0.23499083 
1 YR A 0.22766357 
24 HT A 0.22567147 
168 HT A 0.20765893 
RT A 0.20156898 





Table 114: Level of significance of surface treatments and aging process effect on 
rhombohedral phase fraction of Cercon®xt groups 
Level   Least Sq Mean 
Grinding,24 HT A  0.41252741 
Grinding,1 YR A  0.40954744 
Grinding,5 HT A  0.40100000 
Grinding,RT A  0.36045546 
Grinding,168 HT A  0.33694067 
Sandblasting,5 HT A  0.29911428 
Sandblasting,168 HT A  0.27855146 
Sandblasting,1 YR A  0.27104711 
Sandblasting,24 HT A  0.25922619 
Sandblasting,RT A  0.23606410 
Control,RT  B 0.00818739 
Control,168 HT  B 0.00748466 
Control,24 HT  B 0.00526080 
Control,5 HT  B 0.00485820 
Control,1 YR  B 0.00239617 





3.4 Flexural Strength 
Means and standard deviations of the flexural strength of all materials tested with 
different aging processes and surface treatments are displayed in Table 115. In general, the 
flexural strength of 3YTZP and Zpex is higher compared to Zpex Smile and Cercon®xt in 
all groups. Sandblasting and grinding surface treatments increases the tensile flexural 
strength of TZ-3YSB-E and Zpex compared to the controlled groups. There were no 
differences in the compressive flexural strength between controlled and all materials used. 
Table 115: Biaxial flexural strength means and standard of deviations 














































































































































































































































































































































































































































































































































































One-way ANOVA results shows a significant difference in flexural strength 
between the materials used. TZ-3YSB-E and Zpex materials have the highest flexural 
strength as compared to Zpex Smile and Cercon®xt materials (Figure 166) (Table 116). 
 
Figure 166: Differences in mean biaxial flexural strength among materials used 
Table 116: Level of significance of flexural strength between all materials 
Level   Least Sq Mean 
TZ-3YSB-E A  1117.0189 
Zpex A  1067.6001 
Zpex Smile  B 496.1555 
Cercon®xt   B 477.5192 






























Table 117: Level of significance of flexural strength between all materials and 
surface treatments 
Level     Least Sq Mean 
TZ-3YSB-E,Grinding-tensile A    1468.5734 
Zpex,Sandblasting-tensile A    1454.4206 
TZ-3YSB-E,Sandblasting-tensile A    1454.3787 
Zpex,Grinding-tensile A    1427.6833 
Zpex,Sandblasting  B   919.1620 
Zpex,Control  B   858.3986 
TZ-3YSB-E,Sandblasting  B   832.2586 
Zpex,Grinding  B   812.4520 
TZ-3YSB-E,Control  B   795.6969 
TZ-3YSB-E,Grinding  B   774.4125 
Zpex Smile,Control   C  575.1318 
Cercon®xt ,Sandblasting   C D 563.5216 
Cercon®xt ,Grinding   C D 542.0297 
Zpex Smile,Sandblasting   C D 528.4660 
Cercon®xt ,Control   C D 527.5243 
Zpex Smile,Grinding   C D 482.7620 
Cercon®xt ,Grinding-tensile   C D 433.6403 
Cercon®xt ,Sandblasting-tensile   C D 379.6544 




Zpex Smile,Sandblasting-tensile    D 334.6770 
Levels not connected by same letter are significantly different. 
Generally, Figure 167 reveals that TZ-3YSB-E and Zpex groups show similar 
behavior patterns after surface treatment, while Zpex Smile and Cercon®xt share a 
different pattern (Table 118). 
 
Figure 167: Flexural strength behavior pattern after different surface treatments 

























































Table 118: Level of significance of surface treatments on the flexural strength of all 
materials 
Level        Least Sq Mean 
TZ-3YSB-E,Sandblasting-T A       1460.0638 
Zpex,Sandblasting-T A B      1315.5219 
TZ-3YSB-E,Grinding-T  B C     1191.8944 
Zpex,Grinding-T  B C D    1067.3509 
TZ-3YSB-E,Sandblasting-C  B C D    1060.8413 
Zpex,Sandblasting-C   C D    1021.4697 
Zpex,Control  B C D E   972.1713 
TZ-3YSB-E,Grinding-C    D    970.7395 
Zpex,Grinding-C    D    961.4868 
TZ-3YSB-E,Control    D    901.5554 
Zpex Smile,Control     E F  611.1603 
Zpex Smile,Grinding-C      F  569.1946 
Zpex Smile,Sandblasting-C      F G 552.8444 
Cercon®xt ,Grinding-C      F G 517.3888 
Cercon®xt ,Sandblasting-C      F G 508.3194 
Cercon®xt ,Sandblasting-T      F G 487.4260 
Cercon®xt ,Control      F G 486.3481 
Zpex Smile,Sandblasting-T      F G 398.0255 




Zpex Smile,Grinding-T       G 349.5529 
Levels not connected by same letter are significantly different. 
 
Figure 168: Actual whole model of flexural strength among all materials groups by 
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Figure 169: Actual whole model of flexural strength after surface treatments among 
all materials groups by predicted plot (p-value<0.0001*) 
 
 









































































Table 119: Level of significance of flexural strength after surface treatments among 
all materials groups 
Level      Least Sq Mean 
TZ-3YSB-E,Sandblasting-T A     1432.4663 
TZ-3YSB-E,Grinding-T A     1337.9665 
Zpex,Sandblasting-T A     1336.0679 
Zpex,Grinding-T  B    1193.5832 
Zpex,Control   C   998.9125 
TZ-3YSB-E,Control   C   910.8878 
Zpex Smile,Control    D  586.6262 
Cercon®xt ,Control     E 482.1192 
Cercon®xt ,Sandblasting-T     E 423.6944 
Cercon®xt ,Grinding-T     E 422.2441 
Zpex Smile,Grinding-T     E 400.3489 
Zpex Smile,Sandblasting-T     E 394.3017 





Figure 171: Surface treatments effect on flexural strength of all materials as 
sintered groups 
Table 120: Level of significance of surface treatments effect on the flexural strength 
of all materials as sintered groups 
Level      Least Sq Mean 
TZ-3YSB-E,Sandblasting-T A     1460.0638 
Zpex,Sandblasting-T A B    1315.5219 
TZ-3YSB-E,Grinding-T A B    1191.8944 
Zpex,Grinding-T  B C   1067.3509 
Zpex,Control  B C D  972.1713 
TZ-3YSB-E,Control   C   901.5554 
Zpex Smile,Control    D E 611.1603 


































Cercon®xt ,Control     E 486.3481 
Zpex Smile,Sandblasting-T     E 398.0255 
Cercon®xt ,Grinding-T     E 388.1138 
Zpex Smile,Grinding-T     E 349.5529 
Levels not connected by same letter are significantly different. 
 
 
Figure 172: Actual whole model of flexural strength after aging process among all 








































Figure 173: Aging process effect on flexural strength of all materials groups 
Table 121: Level of significance of flexural strength after aging process among all 
materials groups 
Level     Least Sq Mean 
TZ-3YSB-E,24 HT A    1300.1844 
TZ-3YSB-E,168 HT A B   1284.3150 
Zpex,24 HT A B C  1242.6612 
Zpex,168 HT A B C  1225.6715 
TZ-3YSB-E,5 HT A B C  1222.4948 
Zpex,5 HT A B C  1205.9146 
TZ-3YSB-E,RT A B C  1182.4627 
TZ-3YSB-E,1 YR  B C  1146.0775 





































Zpex,1 YR   C  1091.5649 
Zpex Smile,24 HT    D 491.8334 
Cercon®xt ,5 HT    D 481.6511 
Cercon®xt ,1 YR    D 472.9236 
Zpex Smile,1 YR    D 461.3112 
Zpex Smile,RT    D 459.1407 
Zpex Smile,5 HT    D 453.0809 
Cercon®xt ,RT    D 449.7955 
Zpex Smile,168 HT    D 436.7619 
Cercon®xt ,24 HT    D 415.4792 
Cercon®xt ,168 HT    D 393.5801 
Levels not connected by same letter are significantly different. 
 




































Table 122: Level of significance of flexural strength effect after ging process of all 
materials control group 
Level        Least Sq Mean 
Zpex,168 HT A       1214.3218 
Zpex,24 HT A B      1040.5116 
TZ-3YSB-E,168 HT  B C     995.2022 
Zpex,RT A B C D    972.1713 
TZ-3YSB-E,24 HT  B C     971.3206 
Zpex,1 YR  B C D    944.0728 
TZ-3YSB-E,RT  B C D    901.5554 
TZ-3YSB-E,1 YR  B C D    897.8314 
Zpex,5 HT   C D    858.3986 
TZ-3YSB-E,5 HT    D E   795.6969 
Zpex Smile,24 HT      F  616.6081 
Zpex Smile,RT     E F  611.1603 
Zpex Smile,168 HT      F G 591.5870 
Zpex Smile,5 HT      F G 575.1318 
Cercon®xt ,1 YR      F G 554.0681 
Zpex Smile,1 YR      F G 531.9568 
Cercon®xt ,5 HT      F G 527.5243 
Cercon®xt ,RT      F G 486.3481 




Cercon®xt ,24 HT       G 424.8436 
Levels not connected by same letter are significantly different. 
 
 
Figure 175: Mean values of flexural strength of 3YTZP groups 
Sandblasting surface treatment of 3YTZP groups had significantly the highest value 
of tensile flexural strength followed by grinding surface treatment compared to the other 
groups (Figure 176). Sandblasting and grinding groups have significantly higher tensile 
flexural strength as compared to control and compressive flexural strength groups (Table 
123). 
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Figure 176: Surface treatments effect on flexural strength of 3YTZP groups 
Table 123: Level of significance of flexural strength after surface treatments among 
3YTZP groups 
Level   Mean 
Sandblasting-T A  1424.4721 
Grinding-T A  1307.6139 
Sandblasting-C  B 991.0626 
Grinding-C  B 917.4494 
Control  B 914.9411 
Levels not connected by same letter are significantly different. 
One-way ANOVA results shows significant change in flexural strength after aging 
process on the of 3YTZP groups (Figure 177). 5 hours of accelerated aging of 3YTZP 
samples had significantly the lowest flexural strength as compared to 1-year real time aging 



























































Figure 177: Aging process effect on flexural strength of 3YTZP groups 
Table 124: Level of significance of flexural strength after aging process among 
3YTZP groups 
Level   Mean 
1 YR A  1146.0775 
168 HT A  1120.4361 
RT A B 1071.2928 
24 HT A B 1063.9306 
5 HT  B 950.3459 





































Figure 178: Mean values of flexural strength of Zpex groups 
One-way ANOVA results shows significant changes in flexural strength after 
surface treatments of Zpex groups (Figure 179). Tensile flexural strength of sandblasting 
groups has significantly highest flexural strength as compared to the control, grinding 
compressive FS, and sandblasting compressive FS groups. (Table 125). 
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Figure 179: Surface treatments effect on flexural strength of Zpex groups 
Table 125: Level of significance of flexural strength after surface treatments among 
Zpex groups 
Level    Mean 
Sandblasting-T A   1325.4630 
Grinding-T  B  1160.3933 
Sandblasting-C  B C 1069.0985 
Grinding-C   C 1016.4189 
Control   C 1004.6972 
Levels not connected by same letter are significantly different. 
One-way ANOVA results show a significant change in flexural strength after aging 
process of Zpex groups (Figure 180). 5 hours of accelerated aging of Zpex samples had 
significantly the lowest flexural strength with as compared to 168 hours and 24 hours 






































Figure 180: Aging process effect on flexural strength of Zpex groups 
Table 126: Level of significance of flexural strength after aging process among Zpex 
groups 
Level   Mean 
168 HT A  1196.4744 
24 HT A  1171.1036 
1 YR A B 1091.5649 
RT A B 1058.0800 
5 HT  B 993.4798 





































Figure 181: Mean values of flexural strength of Zpex Smile groups 
One-way ANOVA results shows a significant difference in flexural strength after 
surface treatment of the of Zpex Smile groups (Figure 182). Tensile flexural strength of 
sandblasting and grinding groups have significantly lower values as compared to control 
and compressive flexural strength groups (Table 127). 
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Figure 182: Surface treatments effect on flexural strength of Zpex Smile groups 
Table 127: Level of significance of flexural strength after surface treatments among 
Zpex Smile groups 
Level   Mean 
Control A  584.67719 
Sandblasting-C A  576.00697 
Grinding-C A  555.58665 
Sandblasting-T  B 397.94829 
Grinding-T  B 385.27996 
Levels not connected by same letter are significantly different. 
One-way ANOVA results shows a significant change in flexural strength after 
aging of Zpex Smile groups (Figure 183). 1-year real time aging of Zpex Smile samples 
had significantly the lowest flexural strength as compared to 24 hours and 168 hours 























































Figure 183: Aging process effect on flexural strength of Zpex Smile groups 
Table 128: Level of significance of flexural strength after aging process among Zpex 
Smile groups 
Level   Mean 
24 HT A  555.34925 
168 HT A  548.09994 
RT A B 502.97743 
5 HT A B 487.96640 
1 YR  B 461.31119 

































Figure 184: Mean values of flexural strength of Cercon®xt groups 
One-way ANOVA results shows a significant difference in flexural strength after 
surface treatment of the of Cercon®xt groups (Figure 185). Tensile flexural strength of 
grinding groups has significantly lower values as compared to compressive flexural 
strength of sandblasting and grinding groups and control groups. Also, tensile flexural 
strength of sandblasting groups has significantly lower values as compared to compressive 
flexural strength of sandblasting, grinding groups, and control groups (Table 129). 
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Figure 185: Surface treatments effect on flexural strength of Cercon®xt groups 
Table 129: Level of significance of flexural strength after surface treatments among 
Cercon®xt groups 
Level   Mean 
Sandblasting-C A  514.25244 
Grinding-C A  491.77020 
Control A  480.84560 
Sandblasting-T  B 432.23300 
Grinding-T  B 412.56755 
Levels not connected by same letter are significantly different. 
One-way ANOVA results shows a significant change in flexural strength after 
aging process on the of Cercon®xt groups (Figure 186). 5 hours of accelerated aging of 
3YTZP samples had significantly the lowest flexural strength as compared to 1-year real 

























































Figure 186: Aging process effect on flexural strength of Cercon®xt groups 
Table 130: Level of significance of flexural strength after aging process among 
Cercon®xt groups 
Level   Mean 
5 HT A  515.00873 
RT A B 479.23476 
1 YR A B 472.92358 
24 HT  B 454.47856 
168 HT  B 444.02400 



































3.5  Elemental Analysis 
Analysis of the water elements showed no yttrium released in all material groups 
after one year of real time aging. 
3.6 Fractographic Analysis 
The SEM sections of the control groups of fractured side of each material are 

















Figure 187: Fractured surface of the control groups sample before aging or surface 
treatment A: TZ-3YSB-E, B: Zpex, C: Zpex Smile, D: Cercon®xt 
 
The aging process of TZ-3YSB-E lead to formation of a transformed layer on the 

















Figure 188: Fracture surface of TZ-3YSB-E specimens after different aging periods 
A: 5h accelerated aging, B: 24h accelerated aging, C: 168h accelerated aging, D: 1-








Aging process of Zpex lead to formation of a transformed layer on the surface of 












Figure 189: Fracture surface of Zpex specimens after different aging periods A: 5h 
accelerated aging, B: 24h accelerated aging, C: 168h accelerated aging, D: 1-year 









Aging process of Zpex Smile shows no transformed layer on the surface of the 












Figure 190: Fracture surface of Zpex Smile specimens after different aging periods 
A: 5h accelerated aging, B: 24h accelerated aging, C: 168h accelerated aging, D: 1-








Aging process of Cercon xt shows no transformed layer on the surface of the 












Figure 191: Fracture surface of Cercon xt specimens after different aging periods A: 
5h accelerated aging, B: 24h accelerated aging, C: 168h accelerated aging, D: 1-year 








Table 131: Mean values of transformed layer depth 
Material Treatment Aging Transformed Layer Depth (μm) 
3YTZP Control 24 HT 5.9408 
3YTZP Control 168 HT 19.56 
3YTZP Grinding 168 HT 19.991 
3YTZP Sandblasting 24 HT 3.312 
3YTZP Sandblasting 168 HT 17.9984 
Zpex Control 168 HT 23.225 





3.7 Correlation Between Flexural Strength, Grain Size and Cubic Phase 
The results of this study show that there is an association between grain size of 
zirconia and flexural strength with R2=0.697 and p-value<0.0001. The results show that 
smaller grain size of zirconia material is correlated to higher biaxial flexural strength 
(Figure 192). 
 
Figure 192: Correlation between flexural strength and grain size (R2=0.697, p-
value<0.0001*) 
The results of this study show that there is an association between amount of cubic 
phase present in zirconia and flexural strength with R2=0.676 and p-value<0.0001. The 
results show that smaller amount of cubic phase is correlated to higher biaxial flexural 





Figure 193: Correlation between flexural strength and cubic phase fraction 
(R2=0.676, p-value<0.0001*) 
The results of this study show that there is an association between the grain size 
and amount of cubic phase present with R2=0.618 and p-value<0.0001. The results show 























Figure 194: Correlation between grain size and cubic phase fraction (R2=0.618, p-
value<0.0001*) 
3.8  Correlation between SEM and XRD Results 
After accelerated aging of the control groups, there is a correlation between the 
amount of monoclinic phase and the presence of transformed layer formation on the 
external surface of the fracture line in the SEM. The results show that higher amount of 
monoclinic phase after accelerated aging process is correlated to the presence of 















Figure 195: Correlation between aging process and monoclinic phase fraction of all 
















































































CHAPTER 4: DISCUSSIONS 
The use of yttria partially stabilized tetragonal zirconia polycrystalline (Y-TZP) 
ceramics in dentistry increased tremendously after the development of more translucent 
varieties of zirconia. The use of CAD/CAM systems to fabricate zirconia facilitate the 
production of indirect restorations and made it one of the primary restorative options for 
practitioners and dental laboratories. 
The present study investigated the effect of accelerated and real time aging and the 
influence of Al2O3 sandblasting and grinding on the grain size, crystallography and flexural 
strengths of four zirconia materials of the conventional and highly translucent dental 
zirconia. 
4.1 Characteristics and Compositions of Zirconia 
In this study, there were four different Y-TZP based materials used: TZ-3YSB-E, 
Zpex®, Zpex Smile®, and Cercon®xt. The composition of these materials has some 
similarities and differences. The concentration of Y2O3 stabilizer is 3-mol% in the TZ-
3YSB-E and Zpex® materials and are considered a first generation of (3Y-TZP) zirconia, 
while Zpex Smile® contains 5.4-mol% Y2O3 and 5.0-mol% in Cercon®xt and both are 
considered third generation (5Y-TZP) zirconia. As translucency increased, the amount of 
Al2O3 decreased as seen with TZ-3YSB-E that contains 0.25 wt% compared to the newer 
generations that contain 0.05 wt% for Zpex® and Zpex Smile® and < 1 for Cercon®xt. 
Decreasing the amount of Al2O3 will improve the optical properties (translucency) of 
zirconia. This is because the added alumina is considered as impurity which will decrease 
light transmission through zirconia. The added alumina will create volumes of differing 




translucency.81 Small amounts of Al2O3 is still added to inhibit grain growth by forming 
diffusion barriers.92 Also, Al2O3 contributes to stabilizing zirconia in the tetragonal phase 
at room temperature.  
Multiple studies have shown that variations in zirconia sintering parameters can 
directly influence its microstructure and properties such as translucency, grain size and 
biaxial flexural strength. A general trend is that translucency and grain size increase as the 
sintering temperature increases.84,93,94 
The fabrication of the specimens was carried out in two stages of pressing. The first 
stage is preparation of green compacts using uniaxial die-pressing method. Even though 
this technique is the most common consolidation technique for the mass production of 
ceramic components, this technique produces a green compact with uneven density 
distribution of the internal structure. In order to reduce the porosity and micro defects 
during specimen fabrication, isostatic pressing was applied before sintering with 138 MPa 
(20 ksi). The process will produce a partially sintered zirconia specimen that allowed 
cutting the sample without producing surface stress or phase transformation. 
Thermal etching was done for the grinding and sandblasting samples with a 
temperature of 50°C below the sintering temperature of each material for 10 minutes. This 
process was done after pilot thermal etching testing by calculating the grain size of all 
control groups. SEM was acquired of the controlled samples and grain size calculated 
before and after thermal etching (Table 132). This attribute to maintaining relatively low 





Table 132: The effect of thermal etching on grain size of all the materials 
Material Thermal Etching Grain size (μm) 
3YTZP After 0.621 Before 0.626 
Zpex After 0.311 Before 0.304 
Zpex Smile After 0.821 Before 0.834 
Cercon®xt  After 0.917 Before 0.925 
In our study, SEM observation for the control group of all materials shows that TZ-
3YSB-E and Zpex® materials have smaller grain size compared to Zpex Smile® and 
Cercon®xt. This grain size difference is likely due to differences in the sintering 
temperature that is higher for Zpex Smile® and Cercon®xt. Also, the yttria content is 
higher (5Y-TZP). This produces more cubic phase at room temperature and will lead to a 
larger grain size compared to (3Y-TZP) TZ-3YSB-E and Zpex® materials. Increased yttria 
content leads to increases in the zirconia grain size and lowers the coefficient of thermal 
expansion. This is because oxygen vacancies in YSZ will increase with the increase of the 
Y2O3 content and make the binding energy between cation and anion smaller because of 
the increased ionic distance.95 
Also, the literature reported that as more translucent zirconia demands increase, 
increasing grain size is the conventional way to reduce light scattering and decrease grain 
boundary, resulting in less grain boundaries for the light beam to travel through.96 
The higher amount of yttria content in Zpex Smile® and Cercon®xt materials leads 
to the formation of more cubic phase in the crystal structure that increases translucency 
and decreases the flexural strength of the materials.97,98 Greater yttria content reduced 





4.2 Crystal Structure of and Phase Transformation 
The results of this study show that more cubic phase is present in the crystal 
structure of zirconia materials (Zpex Smile® and Cercon®xt). This leads to more 
resistance to low temperature degradation (LTD) and less monoclinic phase formation even 
after extreme aging conditions alone without surface treatment. This could be because of 
higher content of yttria stabilizers. The main purpose of adding yttria is to stabilize 
zirconia. Zirconia with 8-mol% yttria will completely stabilize the cubic phase whereas the 
most translucent zirconia with 5-mol% yttria is partially stabilized with approximately 50% 
cubic zirconia. Increasing the yttria content will increase cubic phase fraction resulting in 
decreased LTD and increased hydrothermal stability.100 
The XRD results display broadening of the (111)t peak of t-ZrO2, which was 
suggested to be a result of stress formation following surface treatment identified as 
rhombohedral phase (r-ZrO2).101,102 The rhombohedral phase presented as a shoulder on 
the low angle side of the (111)t peak. The shoulder becomes more defined and 
progressively becomes a separate peak as more sintering or surface treatment time is 
increased.103 
The rhombohedral phase could be eliminated with a chemical etching process using 
boiling orthophosphoric acid and corresponding increase in the monoclinic phase.104 It was 
proposed that the rhombohedral phase is an intermediate in the t-m transformation and that 
it acts as a barrier to further (t-ZrO2) transformation.103 Hasegawa examined another 
method of eliminating the rhombohedral phase after grinding by annealing at 1000°C and 
found that the ground powder did not contain rhombohedral phase after this treatment.36 




stress created by polishing or grinding.103 The t → r transformation is characterized by a 
distortion of the t-ZrO2 lattice along a specific [111] direction leading to a volume increase 
of 2-2.5%.105 It is proposed that the rhombohedral phase serves as a stabilizing phase from 
further transformation to monoclinic phase, and once these stabilizing stresses are released 
the progression of r → m transformation occurs and results in m-ZrO2.103 
Also, the results of this study show that the rhombohedral phase fraction formation 
is higher with 5Y-TZP (Zpex smile and Cercon xt) as compared to 3Y-TZP (TZ-3YSB-E 
and Zpex). This is could be because of the higher cubic phase content as suggested by 
Hasegawa and Kitano et al..36,106 They have identified direct transformation of the c-ZrO2 
to the r-ZrO2 with more r-ZrO2 fraction associated with increasing c-ZrO2 content. 
The amount of cubic phase and rhombohedral phase increased after surface 
treatment of Zpex Smile® and Cercon®xt materials. This is associated with decrease in 
the amount of tetragonal phase and some evidence of monoclinic phase. Based on the 
results of this study, it is proposed that the sequence of transformation is from tetragonal 
to r-phase as intermediate phase then to monoclinic phase (t → r → m). The transformation 
is seen more in grinding surface treatment groups as compared to sandblasting treatment 
groups. When the rhombohedral phase reaches a certain amount (around 30%), it 
transforms to monoclinic phase.  
The results of the study found some cubic phase present in 3YTZP and Zpex 
materials. This could be due to the unequal distribution of yttrium stabilizer ions. More 
yttrium ions are surrounding the cubic grains while less yttrium surrounds the tetragonal 




The results show that a higher amount of monoclinic phase after the accelerated 
aging process (Figure 195) is correlated to the presence of transformed layer in the SEM 
on the external surface of the fracture line (Figure 196). LTD begins from isolated surface 
grains on the external surface of the material. Water from the moist environment is 
introduced into the zirconia structure by breaking down Zr – O – Zr bonds and filling 
oxygen vacancies. It reduces the barrier of energy for t → m transformation and thereby 
increases the rate of transformation, which slowly spreads along the surface and continues 
into the bulk of the material.108 This is clearly illustrated by the presence of the transformed 






4.3 Mechanical Properties of Zirconia 
One of the main advantages of the biaxial flexural strength test is the elimination 
of edge failure and the maximum stress occurs in the center of the specimens. When the 
treated surfaces were tested in maximum compression, the flexural strength did not change 
significantly as compared to control un-treated groups. However, significant differences 
were seen when the treated surface was in tension. These fracture points in TZ-3YSB-E 
and Zpex® were reduced by the transformation toughness properties; tetragonal to 
monoclinic phase change in the material surface. This transformation is accompanied by a 
3-5% volumetric expansion around the fracture line. This dimensional alteration takes 
energy from the crack propagation and expands to close the crack tip by the compressive 
stresses produced. This will lead to maintaining or increasing flexural strength after surface 
treatment. The XRD results shows t → m transformation after grinding and sandblasting 
of control groups with small fraction (0.02 – 0.05) of monoclinic phase. 
Zpex Smile® and Cercon®xt materials behaved differently from TZ-3YSB-E and 
Zpex® due to high Y2O3 stabilizer contents and the lack of a transformation toughness 
property. External defects created by surface treatment facilitate crack propagation leading 
to easier fracture. Biaxial flexural strength values of control groups of Zpex Smile® and 
Cercon®xt were reduced by 42.81% and 20.20% after grinding, 34.87% and 0.22% after 
sandblasting respectively. This is explained by diminished t → m transformation due to a 
high cubic phase content. XRD results shows that there is no monoclinic phase after 
sandblasting and only small amount (4 - 7%) after grinding surface treatment of non-aged 




(24 - 36%). This is a possible explanation for the reduced biaxial flexural strength values 
of Zpex Smile® and for Cercon®xt materials. 
SEM shows that traditional and translucent zirconia have nearly similar surface 
damage after sandblasting surface treatment. This proves that the result of surface treatment 
was similar but the material behaviors were different due to a lack of transformation 
toughening with translucent zirconia. 
  
  
Figure 200: Sandblasted surface of control groups samples before thermal etching 







Limitations and Future Studies: 
Acknowledgement of the limitations of this research, that zirconia may perform 
differently in oral conditions. We accept that in vitro studies cannot completely reproduce 
the in vivo situation. Another limitation is that more real-time aging intervals are needed, 
and that only one-year real-time aging cannot completely reflect zirconia's long-term 
behavior. 
Clinical Implication: 
Owing to its excellent mechanical properties, zirconia has become the ,most widely 
used ceramic restorative material. Zirconia flexural strength and fracture toughness are the 
highest among current dental ceramics. However, high translucency cubic zirconia has 
considerably lower mechanical properties compared to conventional zirconia due to the 
absence of transformation toughening mechanism. This may compromise its use in 
situations where heavy loads are applied and in long span fixed partial dentures.109,110 
Occlusal adjustment of translucent zirconia (Zpex Smile® and Cercon®xt) 
restorations will not affect the flexural strength significantly, while adjustments of the 
intaglio surface or tissue surface specially in posterior fixed partial denture will 
significantly affect the tensile flexural strength of translucent zirconia. This is supported 






CHAPTER 5: CONCLUSIONS 
Within the limitations of this in vitro study, the following conclusions can be drawn: 
1.  Grinding surface treatment shows the highest changes in the grain size and lead to 
increase the grain size of Zpex Smile and Cercon®xt groups with a decrease in the 
grain size of 3YTZP group and Zpex groups as compared to the control group.  
2. Sandblasting surface treatment leads to decreased grain size of 3YTZP, Zpex, and 
slightly decreased grain size of Zpex Smile groups while it increased the grain size 
of Cercon®xt groups compared to the control groups. 
3. Accelerated and real time aging processes did not affect the gain size of all control 
groups. 
4. XRD analysis shows that all the control groups at room temperature do not have 
any monoclinic phase before surface treatment. On the other hand, Zpex smile and 
Cercon®xt have the highest amount of cubic phase and it increases with surface 
treatment. 
5. Monoclinic phase fraction increased for all control groups after grinding surface 
treatment. 
6. Accelerated aging process increased the monoclinic phase fraction of the control 
groups of 3YTZP and Zpex materials while there was no statistically significant 
difference in phase composition for Zpex Smile and Cercon®xt. One-year real time 
aging had no statistically significant difference in phase composition among all 
control groups compared to the control non-aged groups. 
7. The tetragonal phase fraction decreased significantly for all control groups after 




8. The accelerated aging process decreased the fraction of tetragonal phase in the 
control groups of 3YTZP and Zpex materials but it had no statistically significant 
difference in aging process of Zpex Smile and Cercon®xt. 
9. The cubic phase fraction increased for Zpex Smile and Cercon®xt control groups 
after grinding surface treatment. 
10. TZ-3YSB-E and Zpex materials have the highest flexural strength with significant 
difference as compared to Zpex Smile and Cercon®xt materials. 
11. TZ-3YSB-E and Zpex groups showed similar behavior patterns after surface 
treatments, while Zpex Smile and Cercon®xt share different patterns. 
12. A smaller grain size of zirconia is correlated to higher flexural strength of the 
material. 
13. A smaller amount of cubic phase is correlated to higher biaxial flexural strength. 
14. A smaller amount of cubic phase is correlated to smaller grain size. 
15. A higher amount of monoclinic phase after accelerated aging process is correlated 
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Table A 1: Monoclinic phase characteristics used for X-ray diffraction (XRD) 
analysis 
Monoclinic Phase 
PDF Number 04-020-6307 
Atoms Y0.03 Zr0.97 O1.985 
Audit creation date 2019-12-11 
Audit creation method Generated by PDF-4+ 2020 4.20.0.1 
Chemical name (systematic) Yttrium Zirconium Oxide 
Chemical formula (moiety) Y0.03 Zr0.97 O1.985 
Chemical formula (sum) O1.985 Y0.03 Zr0.97 
Chemical formula (weight) 122.91 
Cell length (a) 5.159 
Cell length (b) 5.211 
Cell length (c) 5.321 
Cell angle (alpha) 90 
Cell angle (beta) 99.16 
Cell angle (gamma) 90 
Cell volume 141.22 
Cell formula units (Z) 4.00 
Symmetry cell setting monoclinic 
Symmetry space group name (H-M) P21/c 






Table A 2: Tetragonal phase characteristics used for X-ray diffraction (XRD) 
analysis 
Tetragonal Phase 
PDF Number 01-070-7358 
Atoms Zr O2 
Audit creation date 2019-12-20 
Audit creation method Generated by PDF-4+ 2020 4.20.0.1 
Chemical name (systematic) Zirconium Oxide 
Chemical formula (moiety) Zr O2 
Chemical formula (sum) O2 Zr 
Chemical formula (weight) 123.22 
Cell length (a) 3.612 
Cell length (b) 3.612 
Cell length (c) 5.212 
Cell angle (alpha) 90 
Cell angle (beta) 90 
Cell angle (gamma) 90 
Cell volume 68.00 
Cell formula units (Z) 2.00 
Symmetry cell setting tetragonal 
Symmetry space group name (H-M) P42/nmc 
Symmetry Int Tables number 137 
 
Table A 3: Cubic phase characteristics used for X-ray diffraction (XRD) analysis 
Cubic Phase 
PDF Number 01-083-9463 
Atoms (Zr0.85 Y0.15)O1.93 
Audit creation date 2019-12-11 
Audit creation method Generated by PDF-4+ 2020 4.20.0.1 
Chemical name (systematic) Yttrium Zirconium Oxide 
Chemical formula (moiety) (Zr0.85 Y0.15 ) O1.93 
Chemical formula (sum) O1.93 Y0.15 Zr0.85 
Chemical formula (weight) 121.75 
Cell length (a) 5.14113 
Cell length (b) 5.14113 
Cell length (c) 5.14113 
Cell angle (alpha) 90 
Cell angle (beta) 90 
Cell angle (gamma) 90 
Cell volume 135.89 
Cell formula units (Z) 4.00 
Symmetry cell setting cubic 
Symmetry space group name (H-M) Fm-3m 





Table A 4: Rhombohedral phase characteristics used for X-ray diffraction (XRD) 
analysis 
Rhombohedral Phase 
PDF Number 01-070-7358 
Atoms Zr O2 
Audit creation date Generated by PDF-4+ 2020 4.20.0.1 
Audit creation method Zirconium Oxide 
Chemical name (systematic) zirconia high, syn 
Chemical formula (moiety) Zr O2 
Chemical formula (sum) O2 Zr 
Chemical formula (weight) 123.22 
Cell length (a) 3.6550 
Cell length (b) 3.6550 
Cell length (c) 9.0007 
Cell angle (alpha) 90 
Cell angle (beta) 90 
Cell angle (gamma) 120 
Cell volume 104.10 
Cell formula units (Z) 3.00 
Symmetry cell setting Rhombohedral 
Symmetry space group name (H-M) R-3m 






Table A 5: Level of significance of grain size of all materials 
Level - Level Difference p-Value 
CerconXT Zpex 0.8684307 <.0001* 
CerconXT 3YTZP 0.6873160 <.0001* 
Zpex Smile Zpex 0.5759377 <.0001* 
Zpex Smile 3YTZP 0.3948230 <.0001* 
CerconXT Zpex Smile 0.2924930 <.0001* 
3YTZP Zpex 0.1811147 <.0001* 
 
Table A 6: Level of significance of the effect of surface treatments on grain size 
among of all materials 
Level - Level Difference p-Value 
Grinding Control 0.1138670 <.0001* 
Grinding Sandblasting 0.0592133 <.0001* 
Sandblasting Control 0.0546538 <.0001* 
 
Table A 7: Level of significance of the effect of aging process on grain size among all 
materials 
Level - Level Difference p-Value 
5 HT 1 YR 0.2048946 <.0001* 
5 HT 24 HT 0.1426746 <.0001* 
RT 1 YR 0.1325504 <.0001* 
168 HT 1 YR 0.1032246 <.0001* 
5 HT 168 HT 0.1016700 <.0001* 
5 HT RT 0.0723442 <.0001* 
RT 24 HT 0.0703304 <.0001* 
24 HT 1 YR 0.0622200 <.0001* 
168 HT 24 HT 0.0410046 0.0174* 
RT 168 HT 0.0293258 0.1773 
 
Table A 8: Level of significance of the effect of surface treatments on grain size 
among all materials groups 





Cercon®xt ,Grinding Zpex,Sandblasting 1.121043 0.0205923 <.0001* 
Cercon®xt ,Grinding Zpex,Grinding 1.083690 0.0205923 <.0001* 
Cercon®xt ,Grinding Zpex,Control 1.076777 0.0205923 <.0001* 
Cercon®xt ,Grinding 3YTZP,Grinding 0.980657 0.0205923 <.0001* 
Cercon®xt,Sandblasting Zpex,Sandblasting 0.976910 0.0205923 <.0001* 




Cercon®xt ,Grinding 3YTZP,Sandblasting 0.936141 0.0205923 <.0001* 
Cercon®xt,Sandblasting Zpex,Control 0.932644 0.0205923 <.0001* 
Cercon®xt,Sandblasting 3YTZP,Grinding 0.836524 0.0205923 <.0001* 
Cercon®xt ,Grinding 3YTZP,Control 0.821368 0.0205923 <.0001* 
Cercon®xt,Sandblasting 3YTZP,Sandblasting 0.792008 0.0205923 <.0001* 
Cercon®xt,Sandblasting 3YTZP,Control 0.677235 0.0205923 <.0001* 
Zpex Smile,Grinding Zpex,Sandblasting 0.666300 0.0205923 <.0001* 
Zpex Smile,Grinding Zpex,Grinding 0.628947 0.0205923 <.0001* 
Zpex Smile,Grinding Zpex,Control 0.622034 0.0205923 <.0001* 
Cercon®xt ,Control Zpex,Sandblasting 0.588958 0.0205923 <.0001* 
Zpex Smile,Control Zpex,Sandblasting 0.576715 0.0205923 <.0001* 
Zpex Smile, 
Sandblasting Zpex,Sandblasting 0.566417 0.0205923 <.0001* 
Cercon®xt ,Grinding Zpex Smile,Sandblasting 0.554626 0.0205923 <.0001* 
Cercon®xt ,Control Zpex,Grinding 0.551605 0.0205923 <.0001* 
Cercon®xt ,Control Zpex,Control 0.544692 0.0205923 <.0001* 
Cercon®xt ,Grinding Zpex Smile,Control 0.544328 0.0205923 <.0001* 
Zpex Smile,Control Zpex,Grinding 0.539362 0.0205923 <.0001* 
Zpex Smile,Control Zpex,Control 0.532449 0.0205923 <.0001* 
Cercon®xt ,Grinding Cercon®xt ,Control 0.532085 0.0205923 <.0001* 
Zpex Smile, 
Sandblasting Zpex,Grinding 0.529064 0.0205923 <.0001* 
Zpex Smile,Grinding 3YTZP,Grinding 0.525914 0.0205923 <.0001* 
Zpex Smile, 
Sandblasting Zpex,Control 0.522151 0.0205923 <.0001* 
Zpex Smile,Grinding 3YTZP,Sandblasting 0.481398 0.0205923 <.0001* 
Cercon®xt ,Grinding Zpex Smile,Grinding 0.454743 0.0205923 <.0001* 
Cercon®xt ,Control 3YTZP,Grinding 0.448572 0.0205923 <.0001* 
Zpex Smile,Control 3YTZP,Grinding 0.436329 0.0205923 <.0001* 
Zpex Smile, 




Sandblasting 0.410493 0.0205923 <.0001* 
Cercon®xt ,Control 3YTZP,Sandblasting 0.404056 0.0205923 <.0001* 
Cercon®xt, 
Sandblasting Zpex Smile,Control 0.400195 0.0205923 <.0001* 
Zpex Smile,Control 3YTZP,Sandblasting 0.391813 0.0205923 <.0001* 
Cercon®xt, 
Sandblasting Cercon®xt ,Control 0.387952 0.0205923 <.0001* 
Zpex Smile, 
Sandblasting 3YTZP,Sandblasting 0.381515 0.0205923 <.0001* 
Zpex Smile,Grinding 3YTZP,Control 0.366625 0.0205923 <.0001* 
Cercon®xt, 




3YTZP,Control Zpex,Sandblasting 0.299675 0.0205923 <.0001* 
Cercon®xt ,Control 3YTZP,Control 0.289283 0.0205923 <.0001* 
Zpex Smile,Control 3YTZP,Control 0.277040 0.0205923 <.0001* 
Zpex Smile, 
Sandblasting 3YTZP,Control 0.266742 0.0205923 <.0001* 
3YTZP,Control Zpex,Grinding 0.262322 0.0205923 <.0001* 
3YTZP,Control Zpex,Control 0.255409 0.0205923 <.0001* 
3YTZP,Sandblasting Zpex,Sandblasting 0.184902 0.0205923 <.0001* 
3YTZP,Control 3YTZP,Grinding 0.159289 0.0205923 <.0001* 
3YTZP,Sandblasting Zpex,Grinding 0.147549 0.0205923 <.0001* 
Cercon®xt ,Grinding Cercon®xt, Sandblasting 0.144133 0.0205923 <.0001* 
3YTZP,Sandblasting Zpex,Control 0.140636 0.0205923 <.0001* 
3YTZP,Grinding Zpex,Sandblasting 0.140386 0.0205923 <.0001* 
3YTZP,Control 3YTZP,Sandblasting 0.114773 0.0205923 <.0001* 
3YTZP,Grinding Zpex,Grinding 0.103033 0.0205923 <.0001* 
Zpex Smile,Grinding Zpex Smile, Sandblasting 0.099883 0.0205923 <.0001* 
3YTZP,Grinding Zpex,Control 0.096120 0.0205923 0.0002* 
Zpex Smile,Grinding Zpex Smile,Control 0.089585 0.0205923 0.0008* 
Zpex Smile,Grinding Cercon®xt ,Control 0.077342 0.0205923 0.0095* 
3YTZP,Sandblasting 3YTZP,Grinding 0.044516 0.0205923 0.5777 
Zpex,Control Zpex,Sandblasting 0.044266 0.0205923 0.5866 
Zpex,Grinding Zpex,Sandblasting 0.037353 0.0205923 0.8107 
Cercon®xt ,Control Zpex Smile, Sandblasting 0.022541 0.0205923 0.9950 
Cercon®xt ,Control Zpex Smile,Control 0.012243 0.0205923 1.0000 
Zpex Smile, Control Zpex Smile, Sandblasting 0.010298 0.0205923 1.0000 
Zpex,Control Zpex,Grinding 0.006913 0.0205923 1.0000 
 
Table A 9: Level of significance of the effect of aging process on grain size among all 
materials groups 
Level - Level Difference Std Err Dif p-Value 
Cercon®xt ,5 HT Zpex,5 HT 1.050553 0.0265845 <.0001* 
Cercon®xt ,5 HT Zpex,RT 1.033895 0.0265845 <.0001* 
Cercon®xt ,5 HT Zpex,24 HT 1.024875 0.0265845 <.0001* 
Cercon®xt ,5 HT Zpex,1 YR 1.005150 0.0265845 <.0001* 
Cercon®xt ,5 HT Zpex,168 HT 0.986970 0.0265845 <.0001* 
Cercon®xt ,168 HT Zpex,5 HT 0.962405 0.0265845 <.0001* 
Cercon®xt ,168 HT Zpex,RT 0.945747 0.0265845 <.0001* 
Cercon®xt ,RT Zpex,5 HT 0.943695 0.0265845 <.0001* 
Cercon®xt ,168 HT Zpex,24 HT 0.936727 0.0265845 <.0001* 
Cercon®xt ,RT Zpex,RT 0.927037 0.0265845 <.0001* 




Cercon®xt ,168 HT Zpex,1 YR 0.917002 0.0265845 <.0001* 
Cercon®xt ,168 HT Zpex,168 HT 0.898822 0.0265845 <.0001* 
Cercon®xt ,RT Zpex,1 YR 0.898292 0.0265845 <.0001* 
Cercon®xt ,5 HT 3YTZP,1 YR 0.893117 0.0265845 <.0001* 
Cercon®xt ,RT Zpex,168 HT 0.880112 0.0265845 <.0001* 
Cercon®xt ,5 HT 3YTZP,RT 0.878767 0.0265845 <.0001* 
Zpex Smile,5 HT Zpex,5 HT 0.862992 0.0265845 <.0001* 
Cercon®xt ,24 HT Zpex,5 HT 0.847538 0.0265845 <.0001* 
Zpex Smile,5 HT Zpex,RT 0.846333 0.0265845 <.0001* 
Zpex Smile,5 HT Zpex,24 HT 0.837313 0.0265845 <.0001* 
Cercon®xt ,5 HT 3YTZP,24 HT 0.834140 0.0265845 <.0001* 
Cercon®xt ,24 HT Zpex,RT 0.830880 0.0265845 <.0001* 
Cercon®xt ,24 HT Zpex,24 HT 0.821860 0.0265845 <.0001* 
Zpex Smile,5 HT Zpex,1 YR 0.817588 0.0265845 <.0001* 
Cercon®xt ,168 HT 3YTZP,1 YR 0.804968 0.0265845 <.0001* 
Cercon®xt ,24 HT Zpex,1 YR 0.802135 0.0265845 <.0001* 
Cercon®xt ,5 HT 3YTZP,5 HT 0.800290 0.0265845 <.0001* 
Zpex Smile,5 HT Zpex,168 HT 0.799408 0.0265845 <.0001* 
Cercon®xt ,168 HT 3YTZP,RT 0.790618 0.0265845 <.0001* 
Cercon®xt ,5 HT 3YTZP,168 HT 0.789557 0.0265845 <.0001* 
Cercon®xt ,RT 3YTZP,1 YR 0.786258 0.0265845 <.0001* 
Cercon®xt ,24 HT Zpex,168 HT 0.783955 0.0265845 <.0001* 
Cercon®xt ,RT 3YTZP,RT 0.771908 0.0265845 <.0001* 
Cercon®xt ,168 HT 3YTZP,24 HT 0.745992 0.0265845 <.0001* 
Zpex Smile,RT Zpex,5 HT 0.742292 0.0265845 <.0001* 
Cercon®xt ,RT 3YTZP,24 HT 0.727282 0.0265845 <.0001* 
Zpex Smile,RT Zpex,RT 0.725633 0.0265845 <.0001* 
Zpex Smile,RT Zpex,24 HT 0.716613 0.0265845 <.0001* 
Cercon®xt ,168 HT 3YTZP,5 HT 0.712142 0.0265845 <.0001* 
Zpex Smile,5 HT 3YTZP,1 YR 0.705555 0.0265845 <.0001* 
Cercon®xt ,168 HT 3YTZP,168 HT 0.701408 0.0265845 <.0001* 
Zpex Smile,RT Zpex,1 YR 0.696888 0.0265845 <.0001* 
Cercon®xt ,RT 3YTZP,5 HT 0.693432 0.0265845 <.0001* 
Zpex Smile,5 HT 3YTZP,RT 0.691205 0.0265845 <.0001* 
Cercon®xt ,24 HT 3YTZP,1 YR 0.690102 0.0265845 <.0001* 
Cercon®xt ,1 YR Zpex,5 HT 0.689285 0.0265845 <.0001* 
Cercon®xt ,RT 3YTZP,168 HT 0.682698 0.0265845 <.0001* 
Zpex Smile,RT Zpex,168 HT 0.678708 0.0265845 <.0001* 
Cercon®xt ,24 HT 3YTZP,RT 0.675752 0.0265845 <.0001* 
Cercon®xt ,1 YR Zpex,RT 0.672627 0.0265845 <.0001* 
Cercon®xt ,1 YR Zpex,24 HT 0.663607 0.0265845 <.0001* 
Zpex Smile,5 HT 3YTZP,24 HT 0.646578 0.0265845 <.0001* 
Cercon®xt ,1 YR Zpex,1 YR 0.643882 0.0265845 <.0001* 
Cercon®xt ,24 HT 3YTZP,24 HT 0.631125 0.0265845 <.0001* 




Zpex Smile,5 HT 3YTZP,5 HT 0.612728 0.0265845 <.0001* 
Zpex Smile,5 HT 3YTZP,168 HT 0.601995 0.0265845 <.0001* 
Cercon®xt ,5 HT Zpex Smile,1 YR 0.598448 0.0265845 <.0001* 
Cercon®xt ,24 HT 3YTZP,5 HT 0.597275 0.0265845 <.0001* 
Cercon®xt ,24 HT 3YTZP,168 HT 0.586542 0.0265845 <.0001* 
Zpex Smile,RT 3YTZP,1 YR 0.584855 0.0265845 <.0001* 
Cercon®xt ,5 HT Zpex Smile,168 HT 0.580410 0.0265845 <.0001* 
Zpex Smile,RT 3YTZP,RT 0.570505 0.0265845 <.0001* 
Cercon®xt ,5 HT Zpex Smile,24 HT 0.547073 0.0265845 <.0001* 
Cercon®xt ,1 YR 3YTZP,1 YR 0.531848 0.0265845 <.0001* 
Zpex Smile,RT 3YTZP,24 HT 0.525878 0.0265845 <.0001* 
Cercon®xt ,1 YR 3YTZP,RT 0.517498 0.0265845 <.0001* 
Cercon®xt ,168 HT Zpex Smile,1 YR 0.510300 0.0265845 <.0001* 
Zpex Smile,24 HT Zpex,5 HT 0.503480 0.0265845 <.0001* 
Cercon®xt ,168 HT Zpex Smile,168 HT 0.492262 0.0265845 <.0001* 
Zpex Smile,RT 3YTZP,5 HT 0.492028 0.0265845 <.0001* 
Cercon®xt ,RT Zpex Smile,1 YR 0.491590 0.0265845 <.0001* 
Zpex Smile,24 HT Zpex,RT 0.486822 0.0265845 <.0001* 
Zpex Smile,RT 3YTZP,168 HT 0.481295 0.0265845 <.0001* 
Zpex Smile,24 HT Zpex,24 HT 0.477802 0.0265845 <.0001* 
Cercon®xt ,RT Zpex Smile,168 HT 0.473552 0.0265845 <.0001* 
Cercon®xt ,1 YR 3YTZP,24 HT 0.472872 0.0265845 <.0001* 
Zpex Smile,168 HT Zpex,5 HT 0.470143 0.0265845 <.0001* 
Cercon®xt ,168 HT Zpex Smile,24 HT 0.458925 0.0265845 <.0001* 
Zpex Smile,24 HT Zpex,1 YR 0.458077 0.0265845 <.0001* 
Zpex Smile,168 HT Zpex,RT 0.453485 0.0265845 <.0001* 
Zpex Smile,1 YR Zpex,5 HT 0.452105 0.0265845 <.0001* 
Zpex Smile,168 HT Zpex,24 HT 0.444465 0.0265845 <.0001* 
Cercon®xt ,RT Zpex Smile,24 HT 0.440215 0.0265845 <.0001* 
Zpex Smile,24 HT Zpex,168 HT 0.439897 0.0265845 <.0001* 
Cercon®xt ,1 YR 3YTZP,5 HT 0.439022 0.0265845 <.0001* 
Zpex Smile,1 YR Zpex,RT 0.435447 0.0265845 <.0001* 
Cercon®xt ,1 YR 3YTZP,168 HT 0.428288 0.0265845 <.0001* 
Zpex Smile,1 YR Zpex,24 HT 0.426427 0.0265845 <.0001* 
Zpex Smile,168 HT Zpex,1 YR 0.424740 0.0265845 <.0001* 
Zpex Smile,5 HT Zpex Smile,1 YR 0.410887 0.0265845 <.0001* 
Zpex Smile,1 YR Zpex,1 YR 0.406702 0.0265845 <.0001* 
Zpex Smile,168 HT Zpex,168 HT 0.406560 0.0265845 <.0001* 
Cercon®xt ,24 HT Zpex Smile,1 YR 0.395433 0.0265845 <.0001* 
Zpex Smile,5 HT Zpex Smile,168 HT 0.392848 0.0265845 <.0001* 
Zpex Smile,1 YR Zpex,168 HT 0.388522 0.0265845 <.0001* 
Cercon®xt ,24 HT Zpex Smile,168 HT 0.377395 0.0265845 <.0001* 
Cercon®xt ,5 HT Cercon®xt ,1 YR 0.361268 0.0265845 <.0001* 
Zpex Smile,5 HT Zpex Smile,24 HT 0.359512 0.0265845 <.0001* 




Cercon®xt ,24 HT Zpex Smile,24 HT 0.344058 0.0265845 <.0001* 
Zpex Smile,24 HT 3YTZP,RT 0.331693 0.0265845 <.0001* 
Zpex Smile,168 HT 3YTZP,1 YR 0.312707 0.0265845 <.0001* 
Cercon®xt ,5 HT Zpex Smile,RT 0.308262 0.0265845 <.0001* 
Zpex Smile,168 HT 3YTZP,RT 0.298357 0.0265845 <.0001* 
Zpex Smile,1 YR 3YTZP,1 YR 0.294668 0.0265845 <.0001* 
Zpex Smile,RT Zpex Smile,1 YR 0.290187 0.0265845 <.0001* 
Zpex Smile,24 HT 3YTZP,24 HT 0.287067 0.0265845 <.0001* 
Zpex Smile,1 YR 3YTZP,RT 0.280318 0.0265845 <.0001* 
Cercon®xt ,168 HT Cercon®xt ,1 YR 0.273120 0.0265845 <.0001* 
Zpex Smile,RT Zpex Smile,168 HT 0.272148 0.0265845 <.0001* 
3YTZP,168 HT Zpex,5 HT 0.260997 0.0265845 <.0001* 
Cercon®xt ,RT Cercon®xt ,1 YR 0.254410 0.0265845 <.0001* 
Zpex Smile,168 HT 3YTZP,24 HT 0.253730 0.0265845 <.0001* 
Zpex Smile,24 HT 3YTZP,5 HT 0.253217 0.0265845 <.0001* 
3YTZP,5 HT Zpex,5 HT 0.250263 0.0265845 <.0001* 
3YTZP,168 HT Zpex,RT 0.244338 0.0265845 <.0001* 
Zpex Smile,24 HT 3YTZP,168 HT 0.242483 0.0265845 <.0001* 
Zpex Smile,RT Zpex Smile,24 HT 0.238812 0.0265845 <.0001* 
Cercon®xt ,1 YR Zpex Smile,1 YR 0.237180 0.0265845 <.0001* 
Zpex Smile,1 YR 3YTZP,24 HT 0.235692 0.0265845 <.0001* 
3YTZP,168 HT Zpex,24 HT 0.235318 0.0265845 <.0001* 
3YTZP,5 HT Zpex,RT 0.233605 0.0265845 <.0001* 
3YTZP,5 HT Zpex,24 HT 0.224585 0.0265845 <.0001* 
Cercon®xt ,168 HT Zpex Smile,RT 0.220113 0.0265845 <.0001* 
Zpex Smile,168 HT 3YTZP,5 HT 0.219880 0.0265845 <.0001* 
Cercon®xt ,1 YR Zpex Smile,168 HT 0.219142 0.0265845 <.0001* 
3YTZP,24 HT Zpex,5 HT 0.216413 0.0265845 <.0001* 
3YTZP,168 HT Zpex,1 YR 0.215593 0.0265845 <.0001* 
Zpex Smile,168 HT 3YTZP,168 HT 0.209147 0.0265845 <.0001* 
3YTZP,5 HT Zpex,1 YR 0.204860 0.0265845 <.0001* 
Cercon®xt ,5 HT Cercon®xt ,24 HT 0.203015 0.0265845 <.0001* 
Zpex Smile,1 YR 3YTZP,5 HT 0.201842 0.0265845 <.0001* 
Cercon®xt ,RT Zpex Smile,RT 0.201403 0.0265845 <.0001* 
3YTZP,24 HT Zpex,RT 0.199755 0.0265845 <.0001* 
3YTZP,168 HT Zpex,168 HT 0.197413 0.0265845 <.0001* 
Zpex Smile,1 YR 3YTZP,168 HT 0.191108 0.0265845 <.0001* 
3YTZP,24 HT Zpex,24 HT 0.190735 0.0265845 <.0001* 
Cercon®xt ,5 HT Zpex Smile,5 HT 0.187562 0.0265845 <.0001* 
3YTZP,5 HT Zpex,168 HT 0.186680 0.0265845 <.0001* 
Cercon®xt ,1 YR Zpex Smile,24 HT 0.185805 0.0265845 <.0001* 
Zpex Smile,5 HT Cercon®xt ,1 YR 0.173707 0.0265845 <.0001* 
3YTZP,RT Zpex,5 HT 0.171787 0.0265845 <.0001* 
3YTZP,24 HT Zpex,1 YR 0.171010 0.0265845 <.0001* 




3YTZP,1 YR Zpex,5 HT 0.157437 0.0265845 <.0001* 
3YTZP,RT Zpex,RT 0.155128 0.0265845 <.0001* 
3YTZP,24 HT Zpex,168 HT 0.152830 0.0265845 <.0001* 
3YTZP,RT Zpex,24 HT 0.146108 0.0265845 <.0001* 
3YTZP,1 YR Zpex,RT 0.140778 0.0265845 <.0001* 
3YTZP,1 YR Zpex,24 HT 0.131758 0.0265845 0.0001* 
3YTZP,RT Zpex,1 YR 0.126383 0.0265845 0.0004* 
Zpex Smile,5 HT Zpex Smile,RT 0.120700 0.0265845 0.0010* 
Cercon®xt ,168 HT Cercon®xt ,24 HT 0.114867 0.0265845 0.0026* 
3YTZP,1 YR Zpex,1 YR 0.112033 0.0265845 0.0041* 
3YTZP,RT Zpex,168 HT 0.108203 0.0265845 0.0074* 
Cercon®xt ,5 HT Cercon®xt ,RT 0.106858 0.0265845 0.0090* 
Cercon®xt ,24 HT Zpex Smile,RT 0.105247 0.0265845 0.0114* 
3YTZP,168 HT 3YTZP,1 YR 0.103560 0.0265845 0.0145* 
Cercon®xt ,168 HT Zpex Smile,5 HT 0.099413 0.0265845 0.0257* 
Cercon®xt ,RT Cercon®xt ,24 HT 0.096157 0.0265845 0.0393* 
3YTZP,1 YR Zpex,168 HT 0.093853 0.0265845 0.0524 
3YTZP,5 HT 3YTZP,1 YR 0.092827 0.0265845 0.0593 
3YTZP,168 HT 3YTZP,RT 0.089210 0.0265845 0.0900 
Cercon®xt ,5 HT Cercon®xt ,168 HT 0.088148 0.0265845 0.1012 
Cercon®xt ,RT Zpex Smile,5 HT 0.080703 0.0265845 0.2127 
3YTZP,5 HT 3YTZP,RT 0.078477 0.0265845 0.2584 
Zpex,168 HT Zpex,5 HT 0.063583 0.0265845 0.6678 
3YTZP,24 HT 3YTZP,1 YR 0.058977 0.0265845 0.7893 
Zpex Smile,RT Cercon®xt ,1 YR 0.053007 0.0265845 0.9056 
Zpex Smile,24 HT Zpex Smile,1 YR 0.051375 0.0265845 0.9278 
Zpex,168 HT Zpex,RT 0.046925 0.0265845 0.9695 
Zpex,1 YR Zpex,5 HT 0.045403 0.0265845 0.9783 
3YTZP,24 HT 3YTZP,RT 0.044627 0.0265845 0.9820 
3YTZP,168 HT 3YTZP,24 HT 0.044583 0.0265845 0.9822 
Zpex,168 HT Zpex,24 HT 0.037905 0.0265845 0.9974 
3YTZP,5 HT 3YTZP,24 HT 0.033850 0.0265845 0.9994 
Zpex Smile,24 HT Zpex Smile,168 HT 0.033337 0.0265845 0.9995 
Zpex,1 YR Zpex,RT 0.028745 0.0265845 0.9999 
Zpex,24 HT Zpex,5 HT 0.025678 0.0265845 1.0000 
Zpex,1 YR Zpex,24 HT 0.019725 0.0265845 1.0000 
Cercon®xt ,168 HT Cercon®xt ,RT 0.018710 0.0265845 1.0000 
Zpex,168 HT Zpex,1 YR 0.018180 0.0265845 1.0000 
Zpex Smile,168 HT Zpex Smile,1 YR 0.018038 0.0265845 1.0000 
Zpex,RT Zpex,5 HT 0.016658 0.0265845 1.0000 
Zpex Smile,5 HT Cercon®xt ,24 HT 0.015453 0.0265845 1.0000 
3YTZP,RT 3YTZP,1 YR 0.014350 0.0265845 1.0000 
3YTZP,168 HT 3YTZP,5 HT 0.010733 0.0265845 1.0000 





Table A 10: Level of significance of the effect of aging process and surface 
treatments on grain size among 3YTZP groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
168 HT 5 HT 0.0635833 0.0076305 0.042756 0.0844106 <.0001* 
168 HT RT 0.0469250 0.0076305 0.026098 0.0677523 <.0001* 
1 YR 5 HT 0.0454033 0.0076305 0.024576 0.0662306 <.0001* 
168 HT 24 HT 0.0379050 0.0076305 0.017078 0.0587323 <.0001* 
1 YR RT 0.0287450 0.0076305 0.007918 0.0495723 0.0016* 
24 HT 5 HT 0.0256783 0.0076305 0.004851 0.0465056 0.0069* 
1 YR 24 HT 0.0197250 0.0076305 -0.001102 0.0405523 0.0734 
168 HT 1 YR 0.0181800 0.0076305 -0.002647 0.0390073 0.1203 
RT 5 HT 0.0166583 0.0076305 -0.004169 0.0374856 0.1863 
24 HT RT 0.0090200 0.0076305 -0.011807 0.0298473 0.7617 
 
Table A 11: Level of significance of the effect of aging process on grain size among 
3YTZP groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
168 HT 1 YR 0.1035600 0.0147856 0.063203 0.1439174 <.0001* 
5 HT 1 YR 0.0928267 0.0147856 0.052469 0.1331840 <.0001* 
168 HT RT 0.0892100 0.0147856 0.048853 0.1295674 <.0001* 
5 HT RT 0.0784767 0.0147856 0.038119 0.1188340 <.0001* 
24 HT 1 YR 0.0589767 0.0147856 0.018619 0.0993340 0.0006* 
24 HT RT 0.0446267 0.0147856 0.004269 0.0849840 0.0216* 
168 HT 24 HT 0.0445833 0.0147856 0.004226 0.0849407 0.0218* 
5 HT 24 HT 0.0338500 0.0147856 -0.006507 0.0742074 0.1485 
RT 1 YR 0.0143500 0.0147856 -0.026007 0.0547074 0.8685 
168 HT 5 HT 0.0107333 0.0147856 -0.029624 0.0510907 0.9505 
 
Table A 12: Level of significance of the effect of aging process and surface 
treatments on grain size among 3YTZP groups 
Level - Level Difference p-Value 
Grinding,168 HT Sandblasting,1 YR 0.1547050 <.0001* 
Grinding,168 HT Grinding,RT 0.1407200 <.0001* 
Grinding,168 HT Sandblasting,5 HT 0.1346400 <.0001* 
Grinding,168 HT Grinding,5 HT 0.1318400 <.0001* 
Control,1 YR Sandblasting,1 YR 0.1245950 <.0001* 
Control,1 YR Grinding,RT 0.1106100 <.0001* 
Grinding,1 YR Sandblasting,1 YR 0.1103050 <.0001* 
Grinding,168 HT Sandblasting,24 HT 0.1070450 <.0001* 
Control,1 YR Sandblasting,5 HT 0.1045300 <.0001* 
Grinding,168 HT Sandblasting,RT 0.1038450 <.0001* 
Control,1 YR Grinding,5 HT 0.1017300 <.0001* 
Grinding,168 HT Control,5 HT 0.0989450 <.0001* 
Grinding,1 YR Grinding,RT 0.0963200 <.0001* 




Grinding,168 HT Control,24 HT 0.0913200 <.0001* 
Grinding,1 YR Sandblasting,5 HT 0.0902400 <.0001* 
Grinding,168 HT Grinding,24 HT 0.0900250 <.0001* 
Grinding,1 YR Grinding,5 HT 0.0874400 <.0001* 
Control,RT Sandblasting,1 YR 0.0838200 <.0001* 
Grinding,168 HT Control,168 HT 0.0811600 <.0001* 
Control,1 YR Sandblasting,24 HT 0.0769350 <.0001* 
Control,1 YR Sandblasting,RT 0.0737350 <.0001* 
Control,168 HT Sandblasting,1 YR 0.0735450 <.0001* 
Grinding,168 HT Control,RT 0.0708850 <.0001* 
Control,RT Grinding,RT 0.0698350 <.0001* 
Control,1 YR Control,5 HT 0.0688350 <.0001* 
Grinding,24 HT Sandblasting,1 YR 0.0646800 0.0001* 
Control,RT Sandblasting,5 HT 0.0637550 0.0001* 
Control,1 YR Sandblasting,168 HT 0.0634050 0.0002* 
Control,24 HT Sandblasting,1 YR 0.0633850 0.0002* 
Grinding,1 YR Sandblasting,24 HT 0.0626450 0.0002* 
Control,1 YR Control,24 HT 0.0612100 0.0004* 
Sandblasting,168 HT Sandblasting,1 YR 0.0611900 0.0004* 
Control,RT Grinding,5 HT 0.0609550 0.0004* 
Control,1 YR Grinding,24 HT 0.0599150 0.0006* 
Control,168 HT Grinding,RT 0.0595600 0.0007* 
Grinding,1 YR Sandblasting,RT 0.0594450 0.0007* 
Control,5 HT Sandblasting,1 YR 0.0557600 0.0023* 
Grinding,1 YR Control,5 HT 0.0545450 0.0034* 
Control,168 HT Sandblasting,5 HT 0.0534800 0.0048* 
Control,1 YR Control,168 HT 0.0510500 0.0098* 
Sandblasting,RT Sandblasting,1 YR 0.0508600 0.0103* 
Grinding,24 HT Grinding,RT 0.0506950 0.0108* 
Control,168 HT Grinding,5 HT 0.0506800 0.0109* 
Control,24 HT Grinding,RT 0.0494000 0.0156* 
Grinding,1 YR Sandblasting,168 HT 0.0491150 0.0168* 
Sandblasting,24 HT Sandblasting,1 YR 0.0476600 0.0248* 
Sandblasting,168 HT Grinding,RT 0.0472050 0.0279* 
Grinding,1 YR Control,24 HT 0.0469200 0.0300* 
Grinding,1 YR Grinding,24 HT 0.0456250 0.0415* 
Grinding,24 HT Sandblasting,5 HT 0.0446150 0.0530 
Grinding,168 HT Grinding,1 YR 0.0444000 0.0557 
Control,24 HT Sandblasting,5 HT 0.0433200 0.0714 
Grinding,24 HT Grinding,5 HT 0.0418150 0.0993 
Control,5 HT Grinding,RT 0.0417750 0.1001 
Sandblasting,168 HT Sandblasting,5 HT 0.0411250 0.1147 
Control,1 YR Control,RT 0.0407750 0.1232 
Control,24 HT Grinding,5 HT 0.0405200 0.1297 




Sandblasting,RT Grinding,RT 0.0368750 0.2525 
Grinding,1 YR Control,168 HT 0.0367600 0.2573 
Control,RT Sandblasting,24 HT 0.0361600 0.2834 
Control,5 HT Sandblasting,5 HT 0.0356950 0.3046 
Sandblasting,24 HT Grinding,RT 0.0336750 0.4061 
Control,RT Sandblasting,RT 0.0329600 0.4450 
Control,5 HT Grinding,5 HT 0.0328950 0.4486 
Sandblasting,RT Sandblasting,5 HT 0.0307950 0.5679 
Grinding,168 HT Control,1 YR 0.0301100 0.6070 
Control,RT Control,5 HT 0.0280600 0.7194 
Sandblasting,RT Grinding,5 HT 0.0279950 0.7228 
Sandblasting,24 HT Sandblasting,5 HT 0.0275950 0.7432 
Grinding,1 YR Control,RT 0.0264850 0.7963 
Control,168 HT Sandblasting,24 HT 0.0258850 0.8225 
Sandblasting,24 HT Grinding,5 HT 0.0247950 0.8652 
Grinding,5 HT Sandblasting,1 YR 0.0228650 0.9240 
Control,168 HT Sandblasting,RT 0.0226850 0.9284 
Control,RT Sandblasting,168 HT 0.0226300 0.9297 
Control,RT Control,24 HT 0.0204350 0.9692 
Sandblasting,5 HT Sandblasting,1 YR 0.0200650 0.9737 
Control,RT Grinding,24 HT 0.0191400 0.9828 
Control,168 HT Control,5 HT 0.0177850 0.9914 
Grinding,24 HT Sandblasting,24 HT 0.0170200 0.9944 
Control,24 HT Sandblasting,24 HT 0.0157250 0.9975 
Control,1 YR Grinding,1 YR 0.0142900 0.9991 
Grinding,RT Sandblasting,1 YR 0.0139850 0.9993 
Grinding,24 HT Sandblasting,RT 0.0138200 0.9994 
Sandblasting,168 HT Sandblasting,24 HT 0.0135300 0.9995 
Control,24 HT Sandblasting,RT 0.0125250 0.9998 
Control,168 HT Sandblasting,168 HT 0.0123550 0.9998 
Sandblasting,168 HT Sandblasting,RT 0.0103300 1.0000 
Control,RT Control,168 HT 0.0102750 1.0000 
Control,168 HT Control,24 HT 0.0101600 1.0000 
Grinding,24 HT Control,5 HT 0.0089200 1.0000 
Grinding,5 HT Grinding,RT 0.0088800 1.0000 
Control,168 HT Grinding,24 HT 0.0088650 1.0000 
Control,5 HT Sandblasting,24 HT 0.0081000 1.0000 
Control,24 HT Control,5 HT 0.0076250 1.0000 
Sandblasting,5 HT Grinding,RT 0.0060800 1.0000 
Sandblasting,168 HT Control,5 HT 0.0054300 1.0000 
Control,5 HT Sandblasting,RT 0.0049000 1.0000 
Grinding,24 HT Sandblasting,168 HT 0.0034900 1.0000 
Sandblasting,RT Sandblasting,24 HT 0.0032000 1.0000 
Grinding,5 HT Sandblasting,5 HT 0.0028000 1.0000 




Grinding,24 HT Control,24 HT 0.0012950 1.0000 
 
Table A 13: Level of significance of the effect of surface treatments on grain size 
among Zpex groups 









Control Sandblasting 0.0442660 0.0059105 0.030407 0.0581254 <.0001* 
Grinding Sandblasting 0.0373530 0.0059105 0.023494 0.0512124 <.0001* 
Control Grinding 0.0069130 0.0059105 -0.006946 0.0207724 0.4715 
 
Table A 14: Level of significance of the effect of aging process on grain size among 
Zpex groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
168 HT 5 HT 0.0635833 0.0076305 0.042756 0.0844106 <.0001* 
168 HT RT 0.0469250 0.0076305 0.026098 0.0677523 <.0001* 
1 YR 5 HT 0.0454033 0.0076305 0.024576 0.0662306 <.0001* 
168 HT 24 HT 0.0379050 0.0076305 0.017078 0.0587323 <.0001* 
1 YR RT 0.0287450 0.0076305 0.007918 0.0495723 0.0016* 
24 HT 5 HT 0.0256783 0.0076305 0.004851 0.0465056 0.0069* 
1 YR 24 HT 0.0197250 0.0076305 -0.001102 0.0405523 0.0734 
168 HT 1 YR 0.0181800 0.0076305 -0.002647 0.0390073 0.1203 
RT 5 HT 0.0166583 0.0076305 -0.004169 0.0374856 0.1863 






Table A 15: Level of significance of the effect of aging process and surface 
treatments on grain size among Zpex groups 
Level - Level Difference Std Err Dif p-Value 
Grinding,168 HT Sandblasting,1 YR 0.1547050 0.0132163 <.0001* 
Grinding,168 HT Grinding,RT 0.1407200 0.0132163 <.0001* 
Grinding,168 HT Sandblasting,5 HT 0.1346400 0.0132163 <.0001* 
Grinding,168 HT Grinding,5 HT 0.1318400 0.0132163 <.0001* 
Control,1 YR Sandblasting,1 YR 0.1245950 0.0132163 <.0001* 
Control,1 YR Grinding,RT 0.1106100 0.0132163 <.0001* 
Grinding,1 YR Sandblasting,1 YR 0.1103050 0.0132163 <.0001* 
Grinding,168 HT Sandblasting,24 HT 0.1070450 0.0132163 <.0001* 
Control,1 YR Sandblasting,5 HT 0.1045300 0.0132163 <.0001* 
Grinding,168 HT Sandblasting,RT 0.1038450 0.0132163 <.0001* 
Control,1 YR Grinding,5 HT 0.1017300 0.0132163 <.0001* 
Grinding,168 HT Control,5 HT 0.0989450 0.0132163 <.0001* 
Grinding,1 YR Grinding,RT 0.0963200 0.0132163 <.0001* 
Grinding,168 HT Sandblasting,168 HT 0.0935150 0.0132163 <.0001* 
Grinding,168 HT Control,24 HT 0.0913200 0.0132163 <.0001* 
Grinding,1 YR Sandblasting,5 HT 0.0902400 0.0132163 <.0001* 
Grinding,168 HT Grinding,24 HT 0.0900250 0.0132163 <.0001* 
Grinding,1 YR Grinding,5 HT 0.0874400 0.0132163 <.0001* 
Control,RT Sandblasting,1 YR 0.0838200 0.0132163 <.0001* 
Grinding,168 HT Control,168 HT 0.0811600 0.0132163 <.0001* 
Control,1 YR Sandblasting,24 HT 0.0769350 0.0132163 <.0001* 
Control,1 YR Sandblasting,RT 0.0737350 0.0132163 <.0001* 
Control,168 HT Sandblasting,1 YR 0.0735450 0.0132163 <.0001* 
Grinding,168 HT Control,RT 0.0708850 0.0132163 <.0001* 
Control,RT Grinding,RT 0.0698350 0.0132163 <.0001* 
Control,1 YR Control,5 HT 0.0688350 0.0132163 <.0001* 
Grinding,24 HT Sandblasting,1 YR 0.0646800 0.0132163 0.0001* 
Control,RT Sandblasting,5 HT 0.0637550 0.0132163 0.0001* 
Control,1 YR Sandblasting,168 HT 0.0634050 0.0132163 0.0002* 
Control,24 HT Sandblasting,1 YR 0.0633850 0.0132163 0.0002* 
Grinding,1 YR Sandblasting,24 HT 0.0626450 0.0132163 0.0002* 
Control,1 YR Control,24 HT 0.0612100 0.0132163 0.0004* 
Sandblasting,168 HT Sandblasting,1 YR 0.0611900 0.0132163 0.0004* 
Control,RT Grinding,5 HT 0.0609550 0.0132163 0.0004* 
Control,1 YR Grinding,24 HT 0.0599150 0.0132163 0.0006* 
Control,168 HT Grinding,RT 0.0595600 0.0132163 0.0007* 
Grinding,1 YR Sandblasting,RT 0.0594450 0.0132163 0.0007* 
Control,5 HT Sandblasting,1 YR 0.0557600 0.0132163 0.0023* 
Grinding,1 YR Control,5 HT 0.0545450 0.0132163 0.0034* 
Control,168 HT Sandblasting,5 HT 0.0534800 0.0132163 0.0048* 
Control,1 YR Control,168 HT 0.0510500 0.0132163 0.0098* 




Grinding,24 HT Grinding,RT 0.0506950 0.0132163 0.0108* 
Control,168 HT Grinding,5 HT 0.0506800 0.0132163 0.0109* 
Control,24 HT Grinding,RT 0.0494000 0.0132163 0.0156* 
Grinding,1 YR Sandblasting,168 HT 0.0491150 0.0132163 0.0168* 
Sandblasting,24 HT Sandblasting,1 YR 0.0476600 0.0132163 0.0248* 
Sandblasting,168 HT Grinding,RT 0.0472050 0.0132163 0.0279* 
Grinding,1 YR Control,24 HT 0.0469200 0.0132163 0.0300* 
Grinding,1 YR Grinding,24 HT 0.0456250 0.0132163 0.0415* 
Grinding,24 HT Sandblasting,5 HT 0.0446150 0.0132163 0.0530 
Grinding,168 HT Grinding,1 YR 0.0444000 0.0132163 0.0557 
Control,24 HT Sandblasting,5 HT 0.0433200 0.0132163 0.0714 
Grinding,24 HT Grinding,5 HT 0.0418150 0.0132163 0.0993 
Control,5 HT Grinding,RT 0.0417750 0.0132163 0.1001 
Sandblasting,168 HT Sandblasting,5 HT 0.0411250 0.0132163 0.1147 
Control,1 YR Control,RT 0.0407750 0.0132163 0.1232 
Control,24 HT Grinding,5 HT 0.0405200 0.0132163 0.1297 
Sandblasting,168 HT Grinding,5 HT 0.0383250 0.0132163 0.1967 
Sandblasting,RT Grinding,RT 0.0368750 0.0132163 0.2525 
Grinding,1 YR Control,168 HT 0.0367600 0.0132163 0.2573 
Control,RT Sandblasting,24 HT 0.0361600 0.0132163 0.2834 
Control,5 HT Sandblasting,5 HT 0.0356950 0.0132163 0.3046 
Sandblasting,24 HT Grinding,RT 0.0336750 0.0132163 0.4061 
Control,RT Sandblasting,RT 0.0329600 0.0132163 0.4450 
Control,5 HT Grinding,5 HT 0.0328950 0.0132163 0.4486 
Sandblasting,RT Sandblasting,5 HT 0.0307950 0.0132163 0.5679 
Grinding,168 HT Control,1 YR 0.0301100 0.0132163 0.6070 
Control,RT Control,5 HT 0.0280600 0.0132163 0.7194 
Sandblasting,RT Grinding,5 HT 0.0279950 0.0132163 0.7228 
Sandblasting,24 HT Sandblasting,5 HT 0.0275950 0.0132163 0.7432 
Grinding,1 YR Control,RT 0.0264850 0.0132163 0.7963 
Control,168 HT Sandblasting,24 HT 0.0258850 0.0132163 0.8225 
Sandblasting,24 HT Grinding,5 HT 0.0247950 0.0132163 0.8652 
Grinding,5 HT Sandblasting,1 YR 0.0228650 0.0132163 0.9240 
Control,168 HT Sandblasting,RT 0.0226850 0.0132163 0.9284 
Control,RT Sandblasting,168 HT 0.0226300 0.0132163 0.9297 
Control,RT Control,24 HT 0.0204350 0.0132163 0.9692 
Sandblasting,5 HT Sandblasting,1 YR 0.0200650 0.0132163 0.9737 
Control,RT Grinding,24 HT 0.0191400 0.0132163 0.9828 
Control,168 HT Control,5 HT 0.0177850 0.0132163 0.9914 
Grinding,24 HT Sandblasting,24 HT 0.0170200 0.0132163 0.9944 
Control,24 HT Sandblasting,24 HT 0.0157250 0.0132163 0.9975 
Control,1 YR Grinding,1 YR 0.0142900 0.0132163 0.9991 
Grinding,RT Sandblasting,1 YR 0.0139850 0.0132163 0.9993 
Grinding,24 HT Sandblasting,RT 0.0138200 0.0132163 0.9994 




Control,24 HT Sandblasting,RT 0.0125250 0.0132163 0.9998 
Control,168 HT Sandblasting,168 HT 0.0123550 0.0132163 0.9998 
Sandblasting,168 HT Sandblasting,RT 0.0103300 0.0132163 1.0000 
Control,RT Control,168 HT 0.0102750 0.0132163 1.0000 
Control,168 HT Control,24 HT 0.0101600 0.0132163 1.0000 
Grinding,24 HT Control,5 HT 0.0089200 0.0132163 1.0000 
Grinding,5 HT Grinding,RT 0.0088800 0.0132163 1.0000 
Control,168 HT Grinding,24 HT 0.0088650 0.0132163 1.0000 
Control,5 HT Sandblasting,24 HT 0.0081000 0.0132163 1.0000 
Control,24 HT Control,5 HT 0.0076250 0.0132163 1.0000 
Sandblasting,5 HT Grinding,RT 0.0060800 0.0132163 1.0000 
Sandblasting,168 HT Control,5 HT 0.0054300 0.0132163 1.0000 
Control,5 HT Sandblasting,RT 0.0049000 0.0132163 1.0000 
Grinding,24 HT Sandblasting,168 HT 0.0034900 0.0132163 1.0000 
Sandblasting,RT Sandblasting,24 HT 0.0032000 0.0132163 1.0000 
Grinding,5 HT Sandblasting,5 HT 0.0028000 0.0132163 1.0000 
Control,24 HT Sandblasting,168 HT 0.0021950 0.0132163 1.0000 






Table A 16: Level of significance of the effect of surface treatments on grain size 
among Zpex Smile groups 









Grinding Sandblasting 0.0998830 0.0235833 0.044583 0.1551829 <.0001* 
Grinding Control 0.0895850 0.0235833 0.034285 0.1448849 0.0004* 
Control Sandblasting 0.0102980 0.0235833 -0.045002 0.0655979 0.9003 
 
Table A 17: Level of significance of the effect of aging process on grain size among 
Zpex Smile groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
5 HT 1 YR 0.4108867 0.0304459 0.327785 0.4939887 <.0001* 
5 HT 168 HT 0.3928483 0.0304459 0.309746 0.4759504 <.0001* 
5 HT 24 HT 0.3595117 0.0304459 0.276410 0.4426137 <.0001* 
RT 1 YR 0.2901867 0.0304459 0.207085 0.3732887 <.0001* 
RT 168 HT 0.2721483 0.0304459 0.189046 0.3552504 <.0001* 
RT 24 HT 0.2388117 0.0304459 0.155710 0.3219137 <.0001* 
5 HT RT 0.1207000 0.0304459 0.037598 0.2038020 0.0007* 
24 HT 1 YR 0.0513750 0.0304459 -0.031727 0.1344770 0.4419 
24 HT 168 HT 0.0333367 0.0304459 -0.049765 0.1164387 0.8092 
168 HT 1 YR 0.0180383 0.0304459 -0.065064 0.1011404 0.9762 
 
Table A 18: Level of significance of the effect of aging process and surface 
treatments on grain size among Zpex Smile groups 
Level - Level Difference p-Value 
Sandblasting,5 HT Sandblasting,1 YR 0.7655350 <.0001* 
Grinding,RT Sandblasting,1 YR 0.7090800 <.0001* 
Grinding,5 HT Sandblasting,1 YR 0.6882400 <.0001* 
Sandblasting,5 HT Grinding,168 HT 0.6764850 <.0001* 
Grinding,RT Grinding,168 HT 0.6200300 <.0001* 
Grinding,5 HT Grinding,168 HT 0.5991900 <.0001* 
Sandblasting,5 HT Sandblasting,24 HT 0.5893300 <.0001* 
Sandblasting,5 HT Grinding,24 HT 0.5850600 <.0001* 
Sandblasting,5 HT Sandblasting,168 HT 0.5513350 <.0001* 
Grinding,RT Sandblasting,24 HT 0.5328750 <.0001* 
Grinding,RT Grinding,24 HT 0.5286050 <.0001* 
Sandblasting,5 HT Control,1 YR 0.5271300 <.0001* 
Grinding,5 HT Sandblasting,24 HT 0.5120350 <.0001* 
Grinding,5 HT Grinding,24 HT 0.5077650 <.0001* 
Sandblasting,5 HT Control,168 HT 0.5014100 <.0001* 
Grinding,RT Sandblasting,168 HT 0.4948800 <.0001* 
Sandblasting,5 HT Grinding,1 YR 0.4906800 <.0001* 
Sandblasting,5 HT Sandblasting,RT 0.4791900 <.0001* 
Grinding,5 HT Sandblasting,168 HT 0.4740400 <.0001* 




Grinding,RT Control,1 YR 0.4706750 <.0001* 
Sandblasting,5 HT Control,24 HT 0.4548300 <.0001* 
Grinding,5 HT Control,1 YR 0.4498350 <.0001* 
Grinding,RT Control,168 HT 0.4449550 <.0001* 
Grinding,RT Grinding,1 YR 0.4342250 <.0001* 
Grinding,5 HT Control,168 HT 0.4241150 <.0001* 
Grinding,RT Sandblasting,RT 0.4227350 <.0001* 
Grinding,RT Control,5 HT 0.4169350 <.0001* 
Grinding,5 HT Grinding,1 YR 0.4133850 <.0001* 
Grinding,5 HT Sandblasting,RT 0.4018950 <.0001* 
Grinding,RT Control,24 HT 0.3983750 <.0001* 
Grinding,5 HT Control,5 HT 0.3960950 <.0001* 
Control,RT Sandblasting,1 YR 0.3883950 <.0001* 
Grinding,5 HT Control,24 HT 0.3775350 <.0001* 
Sandblasting,5 HT Control,RT 0.3771400 <.0001* 
Grinding,RT Control,RT 0.3206850 <.0001* 
Control,24 HT Sandblasting,1 YR 0.3107050 <.0001* 
Grinding,5 HT Control,RT 0.2998450 <.0001* 
Control,RT Grinding,168 HT 0.2993450 <.0001* 
Control,5 HT Sandblasting,1 YR 0.2921450 <.0001* 
Sandblasting,RT Sandblasting,1 YR 0.2863450 <.0001* 
Grinding,1 YR Sandblasting,1 YR 0.2748550 <.0001* 
Control,168 HT Sandblasting,1 YR 0.2641250 <.0001* 
Control,1 YR Sandblasting,1 YR 0.2384050 0.0006* 
Control,24 HT Grinding,168 HT 0.2216550 0.0025* 
Sandblasting,168 HT Sandblasting,1 YR 0.2142000 0.0045* 
Control,RT Sandblasting,24 HT 0.2121900 0.0052* 
Control,RT Grinding,24 HT 0.2079200 0.0072* 
Control,5 HT Grinding,168 HT 0.2030950 0.0102* 
Sandblasting,RT Grinding,168 HT 0.1972950 0.0154* 
Grinding,1 YR Grinding,168 HT 0.1858050 0.0329* 
Grinding,24 HT Sandblasting,1 YR 0.1804750 0.0457* 
Sandblasting,24 HT Sandblasting,1 YR 0.1762050 0.0589 
Control,168 HT Grinding,168 HT 0.1750750 0.0629 
Control,RT Sandblasting,168 HT 0.1741950 0.0662 
Control,RT Control,1 YR 0.1499900 0.2238 
Control,1 YR Grinding,168 HT 0.1493550 0.2300 
Control,24 HT Sandblasting,24 HT 0.1345000 0.4043 
Control,24 HT Grinding,24 HT 0.1302300 0.4629 
Sandblasting,168 HT Grinding,168 HT 0.1251500 0.5351 
Control,RT Control,168 HT 0.1242700 0.5478 
Control,5 HT Sandblasting,24 HT 0.1159400 0.6660 
Control,RT Grinding,1 YR 0.1135400 0.6986 
Control,5 HT Grinding,24 HT 0.1116700 0.7232 




Sandblasting,RT Grinding,24 HT 0.1058700 0.7941 
Control,RT Sandblasting,RT 0.1020500 0.8353 
Grinding,1 YR Sandblasting,24 HT 0.0986500 0.8677 
Control,24 HT Sandblasting,168 HT 0.0965050 0.8860 
Control,RT Control,5 HT 0.0962500 0.8881 
Grinding,1 YR Grinding,24 HT 0.0943800 0.9025 
Grinding,24 HT Grinding,168 HT 0.0914250 0.9228 
Grinding,168 HT Sandblasting,1 YR 0.0890500 0.9368 
Control,168 HT Sandblasting,24 HT 0.0879200 0.9428 
Sandblasting,24 HT Grinding,168 HT 0.0871550 0.9466 
Control,168 HT Grinding,24 HT 0.0836500 0.9618 
Control,5 HT Sandblasting,168 HT 0.0779450 0.9793 
Control,RT Control,24 HT 0.0776900 0.9799 
Sandblasting,5 HT Grinding,5 HT 0.0772950 0.9808 
Control,24 HT Control,1 YR 0.0723000 0.9897 
Sandblasting,RT Sandblasting,168 HT 0.0721450 0.9899 
Control,1 YR Sandblasting,24 HT 0.0622000 0.9978 
Grinding,1 YR Sandblasting,168 HT 0.0606550 0.9983 
Control,1 YR Grinding,24 HT 0.0579300 0.9990 
Sandblasting,5 HT Grinding,RT 0.0564550 0.9992 
Control,5 HT Control,1 YR 0.0537400 0.9996 
Control,168 HT Sandblasting,168 HT 0.0499250 0.9998 
Sandblasting,RT Control,1 YR 0.0479400 0.9999 
Control,24 HT Control,168 HT 0.0465800 0.9999 
Sandblasting,168 HT Sandblasting,24 HT 0.0379950 1.0000 
Grinding,1 YR Control,1 YR 0.0364500 1.0000 
Control,24 HT Grinding,1 YR 0.0358500 1.0000 
Sandblasting,168 HT Grinding,24 HT 0.0337250 1.0000 
Control,5 HT Control,168 HT 0.0280200 1.0000 
Control,168 HT Control,1 YR 0.0257200 1.0000 
Control,24 HT Sandblasting,RT 0.0243600 1.0000 
Control,1 YR Sandblasting,168 HT 0.0242050 1.0000 
Sandblasting,RT Control,168 HT 0.0222200 1.0000 
Grinding,RT Grinding,5 HT 0.0208400 1.0000 
Control,24 HT Control,5 HT 0.0185600 1.0000 
Control,5 HT Grinding,1 YR 0.0172900 1.0000 
Sandblasting,RT Grinding,1 YR 0.0114900 1.0000 
Grinding,1 YR Control,168 HT 0.0107300 1.0000 
Control,5 HT Sandblasting,RT 0.0058000 1.0000 






Table A 19: Level of significance of the effect of surface treatments on grain size 
among Cercon®xt groups 
Level - Level Difference Std Err Dif p-Value 
Grinding Control 0.5320850 0.0303132 <.0001* 
Sandblasting Control 0.3879520 0.0303132 <.0001* 
Grinding Sandblasting 0.1441330 0.0303132 <.0001* 
 
Table A 20: Level of significance of the effect of Aging process on grain size among 
Cercon®xt groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
5 HT 1 YR 0.3612683 0.0391342 0.254452 0.4680849 <.0001* 
168 HT 1 YR 0.2731200 0.0391342 0.166303 0.3799366 <.0001* 
RT 1 YR 0.2544100 0.0391342 0.147593 0.3612266 <.0001* 
5 HT 24 HT 0.2030150 0.0391342 0.096198 0.3098316 <.0001* 
24 HT 1 YR 0.1582533 0.0391342 0.051437 0.2650699 0.0005* 
168 HT 24 HT 0.1148667 0.0391342 0.008050 0.2216833 0.0277* 
5 HT RT 0.1068583 0.0391342 0.000042 0.2136749 0.0498* 
RT 24 HT 0.0961567 0.0391342 -0.010660 0.2029733 0.1009 
5 HT 168 HT 0.0881483 0.0391342 -0.018668 0.1949649 0.1609 
168 HT RT 0.0187100 0.0391342 -0.088107 0.1255266 0.9893 
 
Table A 21: Level of significance of the effect of surface treatments and aging 
process on grain size among Cercon®xt groups 
Level - Level Difference p-Value 
Grinding,RT Control,RT 0.9531400 <.0001* 
Grinding,RT Control,168 HT 0.8631550 <.0001* 
Grinding,RT Control,24 HT 0.8405700 <.0001* 
Grinding,RT Control,5 HT 0.8399050 <.0001* 
Grinding,RT Grinding,1 YR 0.8354150 <.0001* 
Grinding,5 HT Control,RT 0.8292450 <.0001* 
Grinding,RT Control,1 YR 0.7915650 <.0001* 
Grinding,5 HT Control,168 HT 0.7392600 <.0001* 
Sandblasting,5 HT Control,RT 0.7195500 <.0001* 
Grinding,5 HT Control,24 HT 0.7166750 <.0001* 
Grinding,5 HT Control,5 HT 0.7160100 <.0001* 
Grinding,5 HT Grinding,1 YR 0.7115200 <.0001* 
Grinding,5 HT Control,1 YR 0.6676700 <.0001* 
Sandblasting,168 HT Control,RT 0.6666350 <.0001* 
Grinding,RT Sandblasting,1 YR 0.6542150 <.0001* 
Grinding,168 HT Control,RT 0.6409650 <.0001* 
Sandblasting,5 HT Control,168 HT 0.6295650 <.0001* 
Grinding,RT Sandblasting,24 HT 0.6094400 <.0001* 
Sandblasting,5 HT Control,24 HT 0.6069800 <.0001* 
Sandblasting,5 HT Control,5 HT 0.6063150 <.0001* 




Grinding,24 HT Control,RT 0.5967150 <.0001* 
Sandblasting,168 HT Control,168 HT 0.5766500 <.0001* 
Grinding,RT Sandblasting,RT 0.5648250 <.0001* 
Sandblasting,5 HT Control,1 YR 0.5579750 <.0001* 
Sandblasting,168 HT Control,24 HT 0.5540650 <.0001* 
Sandblasting,168 HT Control,5 HT 0.5534000 <.0001* 
Grinding,168 HT Control,168 HT 0.5509800 <.0001* 
Sandblasting,168 HT Grinding,1 YR 0.5489100 <.0001* 
Grinding,5 HT Sandblasting,1 YR 0.5303200 <.0001* 
Grinding,168 HT Control,24 HT 0.5283950 <.0001* 
Grinding,168 HT Control,5 HT 0.5277300 <.0001* 
Grinding,168 HT Grinding,1 YR 0.5232400 <.0001* 
Grinding,24 HT Control,168 HT 0.5067300 <.0001* 
Sandblasting,168 HT Control,1 YR 0.5050600 <.0001* 
Grinding,5 HT Sandblasting,24 HT 0.4855450 <.0001* 
Grinding,24 HT Control,24 HT 0.4841450 <.0001* 
Grinding,24 HT Control,5 HT 0.4834800 <.0001* 
Grinding,168 HT Control,1 YR 0.4793900 <.0001* 
Grinding,24 HT Grinding,1 YR 0.4789900 <.0001* 
Grinding,5 HT Sandblasting,RT 0.4409300 <.0001* 
Grinding,24 HT Control,1 YR 0.4351400 <.0001* 
Sandblasting,5 HT Sandblasting,1 YR 0.4206250 <.0001* 
Sandblasting,RT Control,RT 0.3883150 <.0001* 
Sandblasting,5 HT Sandblasting,24 HT 0.3758500 <.0001* 
Sandblasting,168 HT Sandblasting,1 YR 0.3677100 <.0001* 
Grinding,RT Grinding,24 HT 0.3564250 <.0001* 
Sandblasting,24 HT Control,RT 0.3437000 <.0001* 
Grinding,168 HT Sandblasting,1 YR 0.3420400 <.0001* 
Sandblasting,5 HT Sandblasting,RT 0.3312350 0.0001* 
Sandblasting,168 HT Sandblasting,24 HT 0.3229350 0.0002* 
Grinding,RT Grinding,168 HT 0.3121750 0.0004* 
Sandblasting,1 YR Control,RT 0.2989250 0.0010* 
Sandblasting,RT Control,168 HT 0.2983300 0.0011* 
Grinding,24 HT Sandblasting,1 YR 0.2977900 0.0011* 
Grinding,168 HT Sandblasting,24 HT 0.2972650 0.0011* 
Grinding,RT Sandblasting,168 HT 0.2865050 0.0023* 
Sandblasting,168 HT Sandblasting,RT 0.2783200 0.0038* 
Sandblasting,RT Control,24 HT 0.2757450 0.0044* 
Sandblasting,RT Control,5 HT 0.2750800 0.0046* 
Sandblasting,RT Grinding,1 YR 0.2705900 0.0059* 
Sandblasting,24 HT Control,168 HT 0.2537150 0.0153* 
Grinding,24 HT Sandblasting,24 HT 0.2530150 0.0159* 
Grinding,168 HT Sandblasting,RT 0.2526500 0.0162* 
Grinding,RT Sandblasting,5 HT 0.2335900 0.0423* 




Sandblasting,24 HT Control,24 HT 0.2311300 0.0476* 
Sandblasting,24 HT Control,5 HT 0.2304650 0.0491* 
Sandblasting,RT Control,1 YR 0.2267400 0.0582 
Sandblasting,24 HT Grinding,1 YR 0.2259750 0.0603 
Sandblasting,1 YR Control,168 HT 0.2089400 0.1241 
Grinding,24 HT Sandblasting,RT 0.2084000 0.1267 
Grinding,5 HT Grinding,168 HT 0.1882800 0.2594 
Sandblasting,1 YR Control,24 HT 0.1863550 0.2756 
Sandblasting,1 YR Control,5 HT 0.1856900 0.2813 
Sandblasting,24 HT Control,1 YR 0.1821250 0.3133 
Sandblasting,1 YR Grinding,1 YR 0.1812000 0.3219 
Grinding,5 HT Sandblasting,168 HT 0.1626100 0.5157 
Control,1 YR Control,RT 0.1615750 0.5272 
Sandblasting,1 YR Control,1 YR 0.1373500 0.7827 
Grinding,RT Grinding,5 HT 0.1238950 0.8870 
Sandblasting,5 HT Grinding,24 HT 0.1228350 0.8935 
Grinding,1 YR Control,RT 0.1177250 0.9217 
Control,5 HT Control,RT 0.1132350 0.9419 
Control,24 HT Control,RT 0.1125700 0.9445 
Grinding,5 HT Sandblasting,5 HT 0.1096950 0.9549 
Control,168 HT Control,RT 0.0899850 0.9925 
Sandblasting,RT Sandblasting,1 YR 0.0893900 0.9929 
Sandblasting,5 HT Grinding,168 HT 0.0785850 0.9981 
Control,1 YR Control,168 HT 0.0715900 0.9993 
Sandblasting,168 HT Grinding,24 HT 0.0699200 0.9995 
Sandblasting,5 HT Sandblasting,168 HT 0.0529150 1.0000 
Control,1 YR Control,24 HT 0.0490050 1.0000 
Control,1 YR Control,5 HT 0.0483400 1.0000 
Sandblasting,24 HT Sandblasting,1 YR 0.0447750 1.0000 
Sandblasting,RT Sandblasting,24 HT 0.0446150 1.0000 
Grinding,168 HT Grinding,24 HT 0.0442500 1.0000 
Control,1 YR Grinding,1 YR 0.0438500 1.0000 
Grinding,1 YR Control,168 HT 0.0277400 1.0000 
Sandblasting,168 HT Grinding,168 HT 0.0256700 1.0000 
Control,5 HT Control,168 HT 0.0232500 1.0000 
Control,24 HT Control,168 HT 0.0225850 1.0000 
Grinding,1 YR Control,24 HT 0.0051550 1.0000 
Grinding,1 YR Control,5 HT 0.0044900 1.0000 






Table A 22: Level of significance of surface treatments on grain size of all materials 





Cercon®xt ,Grinding Zpex,Sandblasting 1.121043 0.0205923 <.0001* 
Cercon®xt ,Grinding Zpex,Grinding 1.083690 0.0205923 <.0001* 
Cercon®xt ,Grinding Zpex,Control 1.076777 0.0205923 <.0001* 
Cercon®xt ,Grinding 3YTZP,Grinding 0.980657 0.0205923 <.0001* 
Cercon®xt,Sandblasting Zpex,Sandblasting 0.976910 0.0205923 <.0001* 
Cercon®xt,Sandblasting Zpex,Grinding 0.939557 0.0205923 <.0001* 
Cercon®xt ,Grinding 3YTZP,Sandblasting 0.936141 0.0205923 <.0001* 
Cercon®xt,Sandblasting Zpex,Control 0.932644 0.0205923 <.0001* 
Cercon®xt,Sandblasting 3YTZP,Grinding 0.836524 0.0205923 <.0001* 
Cercon®xt ,Grinding 3YTZP,Control 0.821368 0.0205923 <.0001* 
Cercon®xt,Sandblasting 3YTZP,Sandblasting 0.792008 0.0205923 <.0001* 
Cercon®xt,Sandblasting 3YTZP,Control 0.677235 0.0205923 <.0001* 
Zpex Smile, Grinding Zpex, Sandblasting 0.666300 0.0205923 <.0001* 
Zpex Smile,Grinding Zpex,Grinding 0.628947 0.0205923 <.0001* 
Zpex Smile,Grinding Zpex,Control 0.622034 0.0205923 <.0001* 
Cercon®xt ,Control Zpex,Sandblasting 0.588958 0.0205923 <.0001* 
Zpex Smile,Control Zpex,Sandblasting 0.576715 0.0205923 <.0001* 
Zpex Smile, 
Sandblasting Zpex, Sandblasting 0.566417 0.0205923 <.0001* 
Cercon®xt ,Grinding Zpex Smile, Sandblasting 0.554626 0.0205923 <.0001* 
Cercon®xt ,Control Zpex,Grinding 0.551605 0.0205923 <.0001* 
Cercon®xt ,Control Zpex,Control 0.544692 0.0205923 <.0001* 
Cercon®xt ,Grinding Zpex Smile,Control 0.544328 0.0205923 <.0001* 
Zpex Smile,Control Zpex,Grinding 0.539362 0.0205923 <.0001* 
Zpex Smile,Control Zpex,Control 0.532449 0.0205923 <.0001* 
Cercon®xt ,Grinding Cercon®xt ,Control 0.532085 0.0205923 <.0001* 
Zpex Smile, 
Sandblasting Zpex,Grinding 0.529064 0.0205923 <.0001* 
Zpex Smile, Grinding 3YTZP,Grinding 0.525914 0.0205923 <.0001* 
Zpex Smile, 
Sandblasting Zpex,Control 0.522151 0.0205923 <.0001* 
Zpex Smile,Grinding 3YTZP,Sandblasting 0.481398 0.0205923 <.0001* 
Cercon®xt ,Grinding Zpex Smile,Grinding 0.454743 0.0205923 <.0001* 
Cercon®xt ,Control 3YTZP,Grinding 0.448572 0.0205923 <.0001* 
Zpex Smile,Control 3YTZP,Grinding 0.436329 0.0205923 <.0001* 
Zpex Smile, 




Smile,Sandblasting 0.410493 0.0205923 <.0001* 





Sandblasting Zpex Smile, Control 0.400195 0.0205923 <.0001* 
Zpex Smile,Control 3YTZP,Sandblasting 0.391813 0.0205923 <.0001* 
Cercon®xt, 
Sandblasting Cercon®xt ,Control 0.387952 0.0205923 <.0001* 
Zpex Smile, 
Sandblasting 3YTZP,Sandblasting 0.381515 0.0205923 <.0001* 
Zpex Smile,Grinding 3YTZP,Control 0.366625 0.0205923 <.0001* 
Cercon®xt, 
Sandblasting Zpex Smile,Grinding 0.310610 0.0205923 <.0001* 
3YTZP,Control Zpex,Sandblasting 0.299675 0.0205923 <.0001* 
Cercon®xt ,Control 3YTZP,Control 0.289283 0.0205923 <.0001* 
Zpex Smile,Control 3YTZP,Control 0.277040 0.0205923 <.0001* 
Zpex Smile, 
Sandblasting 3YTZP,Control 0.266742 0.0205923 <.0001* 
3YTZP,Control Zpex,Grinding 0.262322 0.0205923 <.0001* 
3YTZP,Control Zpex,Control 0.255409 0.0205923 <.0001* 
3YTZP,Sandblasting Zpex,Sandblasting 0.184902 0.0205923 <.0001* 
3YTZP,Control 3YTZP,Grinding 0.159289 0.0205923 <.0001* 
3YTZP,Sandblasting Zpex,Grinding 0.147549 0.0205923 <.0001* 
Cercon®xt, Grinding Cercon®xt, Sandblasting 0.144133 0.0205923 <.0001* 
3YTZP,Sandblasting Zpex,Control 0.140636 0.0205923 <.0001* 
3YTZP,Grinding Zpex,Sandblasting 0.140386 0.0205923 <.0001* 
3YTZP,Control 3YTZP,Sandblasting 0.114773 0.0205923 <.0001* 
3YTZP,Grinding Zpex,Grinding 0.103033 0.0205923 <.0001* 
Zpex Smile,Grinding Zpex Smile, Sandblasting 0.099883 0.0205923 <.0001* 
3YTZP,Grinding Zpex,Control 0.096120 0.0205923 0.0002* 
Zpex Smile,Grinding Zpex Smile,Control 0.089585 0.0205923 0.0008* 
Zpex Smile,Grinding Cercon®xt ,Control 0.077342 0.0205923 0.0095* 
3YTZP,Sandblasting 3YTZP,Grinding 0.044516 0.0205923 0.5777 
Zpex,Control Zpex,Sandblasting 0.044266 0.0205923 0.5866 
Zpex,Grinding Zpex,Sandblasting 0.037353 0.0205923 0.8107 
Cercon®xt ,Control Zpex Smile, Sandblasting 0.022541 0.0205923 0.9950 
Cercon®xt ,Control Zpex Smile,Control 0.012243 0.0205923 1.0000 
Zpex Smile,Control Zpex Smile, Sandblasting 0.010298 0.0205923 1.0000 






Table A 23: Level of significance of the effect of aging process on grain size of all 
materials 
Level - Level Difference Std Err Dif p-Value 
Cercon®xt ,5 HT Zpex,5 HT 1.050553 0.0265845 <.0001* 
Cercon®xt ,5 HT Zpex,RT 1.033895 0.0265845 <.0001* 
Cercon®xt ,5 HT Zpex,24 HT 1.024875 0.0265845 <.0001* 
Cercon®xt ,5 HT Zpex,1 YR 1.005150 0.0265845 <.0001* 
Cercon®xt ,5 HT Zpex,168 HT 0.986970 0.0265845 <.0001* 
Cercon®xt ,168 HT Zpex,5 HT 0.962405 0.0265845 <.0001* 
Cercon®xt ,168 HT Zpex,RT 0.945747 0.0265845 <.0001* 
Cercon®xt ,RT Zpex,5 HT 0.943695 0.0265845 <.0001* 
Cercon®xt ,168 HT Zpex,24 HT 0.936727 0.0265845 <.0001* 
Cercon®xt ,RT Zpex,RT 0.927037 0.0265845 <.0001* 
Cercon®xt ,RT Zpex,24 HT 0.918017 0.0265845 <.0001* 
Cercon®xt ,168 HT Zpex,1 YR 0.917002 0.0265845 <.0001* 
Cercon®xt ,168 HT Zpex,168 HT 0.898822 0.0265845 <.0001* 
Cercon®xt ,RT Zpex,1 YR 0.898292 0.0265845 <.0001* 
Cercon®xt ,5 HT 3YTZP,1 YR 0.893117 0.0265845 <.0001* 
Cercon®xt ,RT Zpex,168 HT 0.880112 0.0265845 <.0001* 
Cercon®xt ,5 HT 3YTZP,RT 0.878767 0.0265845 <.0001* 
Zpex Smile,5 HT Zpex,5 HT 0.862992 0.0265845 <.0001* 
Cercon®xt ,24 HT Zpex,5 HT 0.847538 0.0265845 <.0001* 
Zpex Smile,5 HT Zpex,RT 0.846333 0.0265845 <.0001* 
Zpex Smile,5 HT Zpex,24 HT 0.837313 0.0265845 <.0001* 
Cercon®xt ,5 HT 3YTZP,24 HT 0.834140 0.0265845 <.0001* 
Cercon®xt ,24 HT Zpex,RT 0.830880 0.0265845 <.0001* 
Cercon®xt ,24 HT Zpex,24 HT 0.821860 0.0265845 <.0001* 
Zpex Smile,5 HT Zpex,1 YR 0.817588 0.0265845 <.0001* 
Cercon®xt ,168 HT 3YTZP,1 YR 0.804968 0.0265845 <.0001* 
Cercon®xt ,24 HT Zpex,1 YR 0.802135 0.0265845 <.0001* 
Cercon®xt ,5 HT 3YTZP,5 HT 0.800290 0.0265845 <.0001* 
Zpex Smile,5 HT Zpex,168 HT 0.799408 0.0265845 <.0001* 
Cercon®xt ,168 HT 3YTZP,RT 0.790618 0.0265845 <.0001* 
Cercon®xt ,5 HT 3YTZP,168 HT 0.789557 0.0265845 <.0001* 
Cercon®xt ,RT 3YTZP,1 YR 0.786258 0.0265845 <.0001* 
Cercon®xt ,24 HT Zpex,168 HT 0.783955 0.0265845 <.0001* 
Cercon®xt ,RT 3YTZP,RT 0.771908 0.0265845 <.0001* 
Cercon®xt ,168 HT 3YTZP,24 HT 0.745992 0.0265845 <.0001* 
Zpex Smile,RT Zpex,5 HT 0.742292 0.0265845 <.0001* 
Cercon®xt ,RT 3YTZP,24 HT 0.727282 0.0265845 <.0001* 
Zpex Smile,RT Zpex,RT 0.725633 0.0265845 <.0001* 
Zpex Smile,RT Zpex,24 HT 0.716613 0.0265845 <.0001* 
Cercon®xt ,168 HT 3YTZP,5 HT 0.712142 0.0265845 <.0001* 
Zpex Smile,5 HT 3YTZP,1 YR 0.705555 0.0265845 <.0001* 




Zpex Smile,RT Zpex,1 YR 0.696888 0.0265845 <.0001* 
Cercon®xt ,RT 3YTZP,5 HT 0.693432 0.0265845 <.0001* 
Zpex Smile,5 HT 3YTZP,RT 0.691205 0.0265845 <.0001* 
Cercon®xt ,24 HT 3YTZP,1 YR 0.690102 0.0265845 <.0001* 
Cercon®xt ,1 YR Zpex,5 HT 0.689285 0.0265845 <.0001* 
Cercon®xt ,RT 3YTZP,168 HT 0.682698 0.0265845 <.0001* 
Zpex Smile,RT Zpex,168 HT 0.678708 0.0265845 <.0001* 
Cercon®xt ,24 HT 3YTZP,RT 0.675752 0.0265845 <.0001* 
Cercon®xt ,1 YR Zpex,RT 0.672627 0.0265845 <.0001* 
Cercon®xt ,1 YR Zpex,24 HT 0.663607 0.0265845 <.0001* 
Zpex Smile,5 HT 3YTZP,24 HT 0.646578 0.0265845 <.0001* 
Cercon®xt ,1 YR Zpex,1 YR 0.643882 0.0265845 <.0001* 
Cercon®xt ,24 HT 3YTZP,24 HT 0.631125 0.0265845 <.0001* 
Cercon®xt ,1 YR Zpex,168 HT 0.625702 0.0265845 <.0001* 
Zpex Smile,5 HT 3YTZP,5 HT 0.612728 0.0265845 <.0001* 
Zpex Smile,5 HT 3YTZP,168 HT 0.601995 0.0265845 <.0001* 
Cercon®xt ,5 HT Zpex Smile,1 YR 0.598448 0.0265845 <.0001* 
Cercon®xt ,24 HT 3YTZP,5 HT 0.597275 0.0265845 <.0001* 
Cercon®xt ,24 HT 3YTZP,168 HT 0.586542 0.0265845 <.0001* 
Zpex Smile,RT 3YTZP,1 YR 0.584855 0.0265845 <.0001* 
Cercon®xt ,5 HT Zpex Smile,168 HT 0.580410 0.0265845 <.0001* 
Zpex Smile,RT 3YTZP,RT 0.570505 0.0265845 <.0001* 
Cercon®xt ,5 HT Zpex Smile,24 HT 0.547073 0.0265845 <.0001* 
Cercon®xt ,1 YR 3YTZP,1 YR 0.531848 0.0265845 <.0001* 
Zpex Smile,RT 3YTZP,24 HT 0.525878 0.0265845 <.0001* 
Cercon®xt ,1 YR 3YTZP,RT 0.517498 0.0265845 <.0001* 
Cercon®xt ,168 HT Zpex Smile,1 YR 0.510300 0.0265845 <.0001* 
Zpex Smile,24 HT Zpex,5 HT 0.503480 0.0265845 <.0001* 
Cercon®xt ,168 HT Zpex Smile,168 HT 0.492262 0.0265845 <.0001* 
Zpex Smile,RT 3YTZP,5 HT 0.492028 0.0265845 <.0001* 
Cercon®xt ,RT Zpex Smile,1 YR 0.491590 0.0265845 <.0001* 
Zpex Smile,24 HT Zpex,RT 0.486822 0.0265845 <.0001* 
Zpex Smile,RT 3YTZP,168 HT 0.481295 0.0265845 <.0001* 
Zpex Smile,24 HT Zpex,24 HT 0.477802 0.0265845 <.0001* 
Cercon®xt ,RT Zpex Smile,168 HT 0.473552 0.0265845 <.0001* 
Cercon®xt ,1 YR 3YTZP,24 HT 0.472872 0.0265845 <.0001* 
Zpex Smile,168 HT Zpex,5 HT 0.470143 0.0265845 <.0001* 
Cercon®xt ,168 HT Zpex Smile,24 HT 0.458925 0.0265845 <.0001* 
Zpex Smile,24 HT Zpex,1 YR 0.458077 0.0265845 <.0001* 
Zpex Smile,168 HT Zpex,RT 0.453485 0.0265845 <.0001* 
Zpex Smile,1 YR Zpex,5 HT 0.452105 0.0265845 <.0001* 
Zpex Smile,168 HT Zpex,24 HT 0.444465 0.0265845 <.0001* 
Cercon®xt ,RT Zpex Smile,24 HT 0.440215 0.0265845 <.0001* 
Zpex Smile,24 HT Zpex,168 HT 0.439897 0.0265845 <.0001* 




Zpex Smile,1 YR Zpex,RT 0.435447 0.0265845 <.0001* 
Cercon®xt ,1 YR 3YTZP,168 HT 0.428288 0.0265845 <.0001* 
Zpex Smile,1 YR Zpex,24 HT 0.426427 0.0265845 <.0001* 
Zpex Smile,168 HT Zpex,1 YR 0.424740 0.0265845 <.0001* 
Zpex Smile,5 HT Zpex Smile,1 YR 0.410887 0.0265845 <.0001* 
Zpex Smile,1 YR Zpex,1 YR 0.406702 0.0265845 <.0001* 
Zpex Smile,168 HT Zpex,168 HT 0.406560 0.0265845 <.0001* 
Cercon®xt ,24 HT Zpex Smile,1 YR 0.395433 0.0265845 <.0001* 
Zpex Smile,5 HT Zpex Smile,168 HT 0.392848 0.0265845 <.0001* 
Zpex Smile,1 YR Zpex,168 HT 0.388522 0.0265845 <.0001* 
Cercon®xt ,24 HT Zpex Smile,168 HT 0.377395 0.0265845 <.0001* 
Cercon®xt ,5 HT Cercon®xt ,1 YR 0.361268 0.0265845 <.0001* 
Zpex Smile,5 HT Zpex Smile,24 HT 0.359512 0.0265845 <.0001* 
Zpex Smile,24 HT 3YTZP,1 YR 0.346043 0.0265845 <.0001* 
Cercon®xt ,24 HT Zpex Smile,24 HT 0.344058 0.0265845 <.0001* 
Zpex Smile,24 HT 3YTZP,RT 0.331693 0.0265845 <.0001* 
Zpex Smile,168 HT 3YTZP,1 YR 0.312707 0.0265845 <.0001* 
Cercon®xt ,5 HT Zpex Smile,RT 0.308262 0.0265845 <.0001* 
Zpex Smile,168 HT 3YTZP,RT 0.298357 0.0265845 <.0001* 
Zpex Smile,1 YR 3YTZP,1 YR 0.294668 0.0265845 <.0001* 
Zpex Smile,RT Zpex Smile,1 YR 0.290187 0.0265845 <.0001* 
Zpex Smile,24 HT 3YTZP,24 HT 0.287067 0.0265845 <.0001* 
Zpex Smile,1 YR 3YTZP,RT 0.280318 0.0265845 <.0001* 
Cercon®xt ,168 HT Cercon®xt ,1 YR 0.273120 0.0265845 <.0001* 
Zpex Smile,RT Zpex Smile,168 HT 0.272148 0.0265845 <.0001* 
3YTZP,168 HT Zpex,5 HT 0.260997 0.0265845 <.0001* 
Cercon®xt ,RT Cercon®xt ,1 YR 0.254410 0.0265845 <.0001* 
Zpex Smile,168 HT 3YTZP,24 HT 0.253730 0.0265845 <.0001* 
Zpex Smile,24 HT 3YTZP,5 HT 0.253217 0.0265845 <.0001* 
3YTZP,5 HT Zpex,5 HT 0.250263 0.0265845 <.0001* 
3YTZP,168 HT Zpex,RT 0.244338 0.0265845 <.0001* 
Zpex Smile,24 HT 3YTZP,168 HT 0.242483 0.0265845 <.0001* 
Zpex Smile,RT Zpex Smile,24 HT 0.238812 0.0265845 <.0001* 
Cercon®xt ,1 YR Zpex Smile,1 YR 0.237180 0.0265845 <.0001* 
Zpex Smile,1 YR 3YTZP,24 HT 0.235692 0.0265845 <.0001* 
3YTZP,168 HT Zpex,24 HT 0.235318 0.0265845 <.0001* 
3YTZP,5 HT Zpex,RT 0.233605 0.0265845 <.0001* 
3YTZP,5 HT Zpex,24 HT 0.224585 0.0265845 <.0001* 
Cercon®xt ,168 HT Zpex Smile,RT 0.220113 0.0265845 <.0001* 
Zpex Smile,168 HT 3YTZP,5 HT 0.219880 0.0265845 <.0001* 
Cercon®xt ,1 YR Zpex Smile,168 HT 0.219142 0.0265845 <.0001* 
3YTZP,24 HT Zpex,5 HT 0.216413 0.0265845 <.0001* 
3YTZP,168 HT Zpex,1 YR 0.215593 0.0265845 <.0001* 
Zpex Smile,168 HT 3YTZP,168 HT 0.209147 0.0265845 <.0001* 




Cercon®xt ,5 HT Cercon®xt ,24 HT 0.203015 0.0265845 <.0001* 
Zpex Smile,1 YR 3YTZP,5 HT 0.201842 0.0265845 <.0001* 
Cercon®xt ,RT Zpex Smile,RT 0.201403 0.0265845 <.0001* 
3YTZP,24 HT Zpex,RT 0.199755 0.0265845 <.0001* 
3YTZP,168 HT Zpex,168 HT 0.197413 0.0265845 <.0001* 
Zpex Smile,1 YR 3YTZP,168 HT 0.191108 0.0265845 <.0001* 
3YTZP,24 HT Zpex,24 HT 0.190735 0.0265845 <.0001* 
Cercon®xt ,5 HT Zpex Smile,5 HT 0.187562 0.0265845 <.0001* 
3YTZP,5 HT Zpex,168 HT 0.186680 0.0265845 <.0001* 
Cercon®xt ,1 YR Zpex Smile,24 HT 0.185805 0.0265845 <.0001* 
Zpex Smile,5 HT Cercon®xt ,1 YR 0.173707 0.0265845 <.0001* 
3YTZP,RT Zpex,5 HT 0.171787 0.0265845 <.0001* 
3YTZP,24 HT Zpex,1 YR 0.171010 0.0265845 <.0001* 
Cercon®xt ,24 HT Cercon®xt ,1 YR 0.158253 0.0265845 <.0001* 
3YTZP,1 YR Zpex,5 HT 0.157437 0.0265845 <.0001* 
3YTZP,RT Zpex,RT 0.155128 0.0265845 <.0001* 
3YTZP,24 HT Zpex,168 HT 0.152830 0.0265845 <.0001* 
3YTZP,RT Zpex,24 HT 0.146108 0.0265845 <.0001* 
3YTZP,1 YR Zpex,RT 0.140778 0.0265845 <.0001* 
3YTZP,1 YR Zpex,24 HT 0.131758 0.0265845 0.0001* 
3YTZP,RT Zpex,1 YR 0.126383 0.0265845 0.0004* 
Zpex Smile,5 HT Zpex Smile,RT 0.120700 0.0265845 0.0010* 
Cercon®xt ,168 HT Cercon®xt ,24 HT 0.114867 0.0265845 0.0026* 
3YTZP,1 YR Zpex,1 YR 0.112033 0.0265845 0.0041* 
3YTZP,RT Zpex,168 HT 0.108203 0.0265845 0.0074* 
Cercon®xt ,5 HT Cercon®xt ,RT 0.106858 0.0265845 0.0090* 
Cercon®xt ,24 HT Zpex Smile,RT 0.105247 0.0265845 0.0114* 
3YTZP,168 HT 3YTZP,1 YR 0.103560 0.0265845 0.0145* 
Cercon®xt ,168 HT Zpex Smile,5 HT 0.099413 0.0265845 0.0257* 
Cercon®xt ,RT Cercon®xt ,24 HT 0.096157 0.0265845 0.0393* 
3YTZP,1 YR Zpex,168 HT 0.093853 0.0265845 0.0524 
3YTZP,5 HT 3YTZP,1 YR 0.092827 0.0265845 0.0593 
3YTZP,168 HT 3YTZP,RT 0.089210 0.0265845 0.0900 
Cercon®xt ,5 HT Cercon®xt ,168 HT 0.088148 0.0265845 0.1012 
Cercon®xt ,RT Zpex Smile,5 HT 0.080703 0.0265845 0.2127 
3YTZP,5 HT 3YTZP,RT 0.078477 0.0265845 0.2584 
Zpex,168 HT Zpex,5 HT 0.063583 0.0265845 0.6678 
3YTZP,24 HT 3YTZP,1 YR 0.058977 0.0265845 0.7893 
Zpex Smile,RT Cercon®xt ,1 YR 0.053007 0.0265845 0.9056 
Zpex Smile,24 HT Zpex Smile,1 YR 0.051375 0.0265845 0.9278 
Zpex,168 HT Zpex,RT 0.046925 0.0265845 0.9695 
Zpex,1 YR Zpex,5 HT 0.045403 0.0265845 0.9783 
3YTZP,24 HT 3YTZP,RT 0.044627 0.0265845 0.9820 
3YTZP,168 HT 3YTZP,24 HT 0.044583 0.0265845 0.9822 




3YTZP,5 HT 3YTZP,24 HT 0.033850 0.0265845 0.9994 
Zpex Smile,24 HT Zpex Smile,168 HT 0.033337 0.0265845 0.9995 
Zpex,1 YR Zpex,RT 0.028745 0.0265845 0.9999 
Zpex,24 HT Zpex,5 HT 0.025678 0.0265845 1.0000 
Zpex,1 YR Zpex,24 HT 0.019725 0.0265845 1.0000 
Cercon®xt ,168 HT Cercon®xt ,RT 0.018710 0.0265845 1.0000 
Zpex,168 HT Zpex,1 YR 0.018180 0.0265845 1.0000 
Zpex Smile,168 HT Zpex Smile,1 YR 0.018038 0.0265845 1.0000 
Zpex,RT Zpex,5 HT 0.016658 0.0265845 1.0000 
Zpex Smile,5 HT Cercon®xt ,24 HT 0.015453 0.0265845 1.0000 
3YTZP,RT 3YTZP,1 YR 0.014350 0.0265845 1.0000 
3YTZP,168 HT 3YTZP,5 HT 0.010733 0.0265845 1.0000 






X-Ray Diffraction (XRD) 
Table A 24: Level of significance of the fraction of monoclinic phase of all materials 
combined groups 
Level - Level Difference p-Value 
Zpex Zpex Smile 0.1651731 <.0001* 
Zpex CerconXT 0.1614755 <.0001* 
3YTZP Zpex Smile 0.1228408 <.0001* 
3YTZP CerconXT 0.1191432 <.0001* 
Zpex 3YTZP 0.0423323 0.0680 
CerconXT Zpex Smile 0.0036975 0.9965 
 
Table A 25: Level of significance of the surface treatments effect on the fraction of 
monoclinic phase of all materials combined groups 
Level - Level Difference p-Value 
Sandblasting Grinding 0.0208311 0.3392 
Control Grinding 0.0110007 0.7393 
Sandblasting Control 0.0098303 0.7866 
 
Table A 26: Level of significance of Surface treatments effect on the fraction of 
monoclinic phase of all materials combined groups 
Level - Level Difference p-Value 
168 HT RT 0.2392229 <.0001* 
168 HT 5 HT 0.2325960 <.0001* 
168 HT 1 YR 0.2217947 <.0001* 
168 HT 24 HT 0.1758358 <.0001* 
24 HT RT 0.0633871 0.0092* 
24 HT 5 HT 0.0567602 0.0303* 
24 HT 1 YR 0.0459589 0.1253 
1 YR RT 0.0174282 0.8891 
1 YR 5 HT 0.0108013 0.9805 
5 HT RT 0.0066269 0.9968 
 
Table A 27: Level of significance of the effect of surface treatments on monoclinic 
phase of all materials groups 





Zpex,Sandblasting Zpex Smile,Control 0.2281876 0.0298584 <.0001* 
Zpex,Sandblasting Cercon®xt ,Control 0.2278810 0.0298584 <.0001* 
Zpex,Sandblasting Cercon®xt,Sandblasting 0.2232654 0.0294405 <.0001* 




Zpex,Control Zpex Smile,Control 0.2129335 0.0298584 <.0001* 
Zpex,Control Cercon®xt ,Control 0.2126268 0.0298584 <.0001* 
Zpex,Control Cercon®xt, Sandblasting 0.2080113 0.0294405 <.0001* 
Zpex,Control Zpex Smile, Sandblasting 0.2068140 0.0298584 <.0001* 
Zpex,Sandblasting Zpex Smile,Grinding 0.1769092 0.0298584 <.0001* 
3YTZP,Sandblasting Zpex Smile,Control 0.1698945 0.0298584 <.0001* 
3YTZP,Sandblasting Cercon®xt ,Control 0.1695878 0.0298584 <.0001* 
3YTZP,Sandblasting Cercon®xt, Sandblasting 0.1649723 0.0294405 <.0001* 
Zpex,Sandblasting Cercon®xt, Grinding 0.1649259 0.0298584 <.0001* 
3YTZP,Sandblasting Zpex Smile, Sandblasting 0.1637750 0.0298584 <.0001* 
Zpex,Control Zpex Smile,Grinding 0.1616550 0.0298584 <.0001* 
3YTZP,Control Zpex Smile,Control 0.1565624 0.0298584 <.0001* 
3YTZP,Control Cercon®xt,Control 0.1562557 0.0298584 <.0001* 
3YTZP,Control Cercon®xt, Sandblasting 0.1516402 0.0294405 <.0001* 
3YTZP,Control Zpex Smile, Sandblasting 0.1504429 0.0298584 <.0001* 
Zpex,Control Cercon®xt, Grinding 0.1496718 0.0298584 <.0001* 
Zpex,Sandblasting 3YTZP,Grinding 0.1287243 0.0298584 0.0017* 
3YTZP,Sandblasting Zpex Smile,Grinding 0.1186160 0.0298584 0.0060* 
Zpex,Sandblasting Zpex,Grinding 0.1163916 0.0291384 0.0056* 
Zpex,Control 3YTZP,Grinding 0.1134701 0.0298584 0.0110* 
Zpex,Grinding Zpex Smile,Control 0.1117961 0.0291384 0.0097* 
Zpex,Grinding Cercon®xt ,Control 0.1114894 0.0291384 0.0101* 
Zpex,Grinding Cercon®xt, Sandblasting 0.1068739 0.0287374 0.0145* 
3YTZP,Sandblasting Cercon®xt, Grinding 0.1066328 0.0298584 0.0234* 
Zpex,Grinding Zpex Smile, Sandblasting 0.1056765 0.0291384 0.0196* 
3YTZP,Control Zpex Smile, Grinding 0.1052839 0.0298584 0.0270* 
Zpex,Control Zpex, Grinding 0.1011374 0.0291384 0.0320* 
3YTZP,Grinding Zpex Smile, Control 0.0994633 0.0298584 0.0486* 
3YTZP,Grinding Cercon®xt , Control 0.0991567 0.0298584 0.0501 
3YTZP,Grinding Cercon®xt, Sandblasting 0.0945411 0.0294405 0.0683 
3YTZP,Grinding Zpex Smile, Sandblasting 0.0933438 0.0298584 0.0860 
3YTZP,Control Cercon®xt , Grinding 0.0933007 0.0298584 0.0864 
Zpex,Sandblasting 3YTZP, Control 0.0716252 0.0298584 0.4136 
3YTZP,Sandblasting 3YTZP,Grinding 0.0704311 0.0298584 0.4406 




Cercon®xt ,Grinding Cercon®xt ,Control 0.0629550 0.0298584 0.6176 
Zpex,Grinding Zpex Smile,Grinding 0.0605176 0.0291384 0.6398 
Cercon®xt ,Grinding Cercon®xt, Sandblasting 0.0583395 0.0294405 0.7050 
Zpex,Sandblasting 3YTZP,Sandblasting 0.0582931 0.0298584 0.7242 
3YTZP,Sandblasting Zpex,Grinding 0.0580984 0.0291384 0.6968 
Cercon®xt ,Grinding Zpex Smile,Sandblasting 0.0571422 0.0298584 0.7488 
3YTZP,Control 3YTZP,Grinding 0.0570990 0.0298584 0.7497 
Zpex,Control 3YTZP,Control 0.0563711 0.0298584 0.7647 
Zpex Smile,Grinding Zpex Smile,Control 0.0512785 0.0298584 0.8574 
Zpex Smile,Grinding Cercon®xt ,Control 0.0509718 0.0298584 0.8622 
Zpex,Grinding Cercon®xt ,Grinding 0.0485344 0.0291384 0.8806 
3YTZP,Grinding Zpex Smile,Grinding 0.0481849 0.0298584 0.9014 
Zpex Smile,Grinding Cercon®xt, Sandblasting 0.0463563 0.0294405 0.9155 
Zpex Smile,Grinding Zpex Smile, Sandblasting 0.0451589 0.0298584 0.9350 
3YTZP,Control Zpex,Grinding 0.0447663 0.0291384 0.9279 
Zpex,Control 3YTZP,Sandblasting 0.0430390 0.0298584 0.9531 
3YTZP,Grinding Cercon®xt ,Grinding 0.0362016 0.0298584 0.9872 
Zpex,Sandblasting Zpex, Control 0.0152542 0.0298584 1.0000 
3YTZP,Sandblasting 3YTZP, Control 0.0133321 0.0298584 1.0000 
Zpex,Grinding 3YTZP, Grinding 0.0123327 0.0291384 1.0000 
Cercon®xt, Grinding Zpex Smile, Grinding 0.0119833 0.0298584 1.0000 
Zpex Smile, 
Sandblasting Zpex Smile, Control 0.0061195 0.0298584 1.0000 
Zpex Smile, 
Sandblasting Cercon®xt, Control 0.0058128 0.0298584 1.0000 
Cercon®xt, 
Sandblasting Zpex Smile, Control 0.0049222 0.0294405 1.0000 
Cercon®xt, 




Sandblasting 0.0011973 0.0294405 1.0000 
Cercon®xt ,Control Zpex Smile,Control 0.0003067 0.0298584 1.0000 
 
Table A 28: Level of significance of the effect of surface treatments and the fraction 
of monoclinic phase of all materials as sintered groups 
Level - Level Difference p-Value 
Zpex Smile,Grinding Cercon®xt ,Control 0.0651067 <.0001* 
Zpex Smile,Grinding Cercon®xt ,Sandblasting 0.0651067 <.0001* 
Zpex Smile,Grinding Zpex Smile,Control 0.0651067 <.0001* 




Zpex Smile,Grinding Zpex Smile,Sandblasting 0.0640734 <.0001* 
Zpex Smile,Grinding 3YTZP,Control 0.0634066 <.0001* 
Zpex,Grinding Cercon®xt ,Sandblasting 0.0556410 <.0001* 
Zpex,Grinding Zpex Smile,Control 0.0556410 <.0001* 
Zpex,Grinding Cercon®xt ,Control 0.0556410 <.0001* 
Zpex,Grinding Zpex,Control 0.0547076 0.0001* 
Zpex,Grinding Zpex Smile,Sandblasting 0.0546077 0.0001* 
Zpex,Grinding 3YTZP,Control 0.0539409 0.0001* 
3YTZP,Grinding Cercon®xt ,Sandblasting 0.0511011 0.0008* 
3YTZP,Grinding Zpex Smile,Control 0.0511011 0.0008* 
3YTZP,Grinding Cercon®xt ,Control 0.0511011 0.0008* 
Zpex,Sandblasting Cercon®xt ,Sandblasting 0.0511010 0.0008* 
Zpex,Sandblasting Zpex Smile,Control 0.0511010 0.0008* 
Zpex,Sandblasting Cercon®xt ,Control 0.0511010 0.0008* 
3YTZP,Grinding Zpex,Control 0.0501677 0.0010* 
Zpex,Sandblasting Zpex,Control 0.0501676 0.0010* 
3YTZP,Grinding Zpex Smile,Sandblasting 0.0500677 0.0010* 
Zpex,Sandblasting Zpex Smile,Sandblasting 0.0500677 0.0010* 
3YTZP,Grinding 3YTZP,Control 0.0494010 0.0012* 
Zpex,Sandblasting 3YTZP,Control 0.0494010 0.0012* 
Zpex Smile,Grinding 3YTZP,Sandblasting 0.0444069 0.0030* 
Cercon®xt ,Grinding Cercon®xt ,Sandblasting 0.0393987 0.0073* 
Cercon®xt ,Grinding Zpex Smile,Control 0.0393987 0.0073* 
Cercon®xt ,Grinding Cercon®xt ,Control 0.0393987 0.0073* 
Cercon®xt ,Grinding Zpex,Control 0.0384653 0.0086* 
Cercon®xt ,Grinding Zpex Smile,Sandblasting 0.0383654 0.0088* 
Cercon®xt ,Grinding 3YTZP,Control 0.0376986 0.0099* 
Zpex,Grinding 3YTZP,Sandblasting 0.0349411 0.0078* 
3YTZP,Grinding 3YTZP,Sandblasting 0.0304012 0.0335* 
Zpex,Sandblasting 3YTZP,Sandblasting 0.0304012 0.0335* 
Zpex Smile,Grinding Cercon®xt ,Grinding 0.0257080 0.0688 
3YTZP,Sandblasting Cercon®xt ,Sandblasting 0.0206999 0.1385 
3YTZP,Sandblasting Zpex Smile,Control 0.0206999 0.1385 
3YTZP,Sandblasting Cercon®xt ,Control 0.0206999 0.1385 
3YTZP,Sandblasting Zpex,Control 0.0197665 0.1564 
3YTZP,Sandblasting Zpex Smile,Sandblasting 0.0196665 0.1584 
3YTZP,Sandblasting 3YTZP,Control 0.0189998 0.1725 
Cercon®xt ,Grinding 3YTZP,Sandblasting 0.0186988 0.1792 
Zpex,Grinding Cercon®xt ,Grinding 0.0162423 0.1916 




Zpex Smile,Grinding 3YTZP,Grinding 0.0140056 0.3106 
3YTZP,Grinding Cercon®xt ,Grinding 0.0117024 0.3955 
Zpex,Sandblasting Cercon®xt ,Grinding 0.0117023 0.3955 
Zpex Smile,Grinding Zpex,Grinding 0.0094657 0.4416 
Zpex,Grinding Zpex,Sandblasting 0.0045400 0.7109 
Zpex,Grinding 3YTZP,Grinding 0.0045399 0.7109 
3YTZP,Control Cercon®xt ,Sandblasting 0.0017001 0.9011 
3YTZP,Control Cercon®xt ,Control 0.0017001 0.9011 
3YTZP,Control Zpex Smile,Control 0.0017001 0.9011 
Zpex Smile,Sandblasting Cercon®xt ,Sandblasting 0.0010333 0.9398 
Zpex Smile,Sandblasting Cercon®xt ,Control 0.0010333 0.9398 
Zpex Smile,Sandblasting Zpex Smile,Control 0.0010333 0.9398 
Zpex,Control Cercon®xt ,Sandblasting 0.0009334 0.9456 
Zpex,Control Cercon®xt ,Control 0.0009334 0.9456 
Zpex,Control Zpex Smile,Control 0.0009334 0.9456 
3YTZP,Control Zpex,Control 0.0007667 0.9553 
3YTZP,Control Zpex Smile,Sandblasting 0.0006667 0.9611 
Zpex Smile,Sandblasting Zpex,Control 0.0000999 0.9942 
3YTZP,Grinding Zpex,Sandblasting 2.6667e-8 1.0000 
Zpex Smile,Control Cercon®xt ,Sandblasting 6.072e-18 1.0000 
Cercon®xt ,Control Cercon®xt ,Sandblasting 4.337e-18 1.0000 
Zpex Smile,Control Cercon®xt ,Control 1.735e-18 1.0000 
 
Table A 29: Level of significance of the effect of aging process on monoclinic phase 
of all materials groups 
Level - Level Difference Std Err Dif p-Value 
3YTZP,168 HT Zpex Smile,5 HT 0.5089549 0.0385470 <.0001* 
3YTZP,168 HT Cercon®xt ,24 HT 0.5075097 0.0385470 <.0001* 
3YTZP,168 HT Zpex Smile,1 YR 0.5012376 0.0385470 <.0001* 
3YTZP,168 HT Cercon®xt ,RT 0.5008297 0.0376436 <.0001* 
3YTZP,168 HT Cercon®xt ,1 YR 0.4962298 0.0385470 <.0001* 
3YTZP,168 HT Zpex Smile,RT 0.4943637 0.0385470 <.0001* 
3YTZP,168 HT 3YTZP,RT 0.4919101 0.0385470 <.0001* 
3YTZP,168 HT Zpex Smile,168 HT 0.4917318 0.0385470 <.0001* 
3YTZP,168 HT Cercon®xt ,168 HT 0.4915215 0.0385470 <.0001* 
Zpex,168 HT Zpex Smile,5 HT 0.4903680 0.0385470 <.0001* 
3YTZP,168 HT Zpex Smile,24 HT 0.4901008 0.0385470 <.0001* 
Zpex,168 HT Cercon®xt ,24 HT 0.4889229 0.0385470 <.0001* 
Zpex,168 HT Zpex Smile,1 YR 0.4826508 0.0385470 <.0001* 
Zpex,168 HT Cercon®xt ,RT 0.4822428 0.0376436 <.0001* 
3YTZP,168 HT 3YTZP,5 HT 0.4779552 0.0385470 <.0001* 




Zpex,168 HT Zpex Smile,RT 0.4757769 0.0385470 <.0001* 
3YTZP,168 HT Zpex,5 HT 0.4735037 0.0385470 <.0001* 
Zpex,168 HT 3YTZP,RT 0.4733232 0.0385470 <.0001* 
Zpex,168 HT Zpex Smile,168 HT 0.4731450 0.0385470 <.0001* 
Zpex,168 HT Cercon®xt ,168 HT 0.4729347 0.0385470 <.0001* 
3YTZP,168 HT Cercon®xt ,5 HT 0.4718104 0.0385470 <.0001* 
3YTZP,168 HT Zpex,RT 0.4716284 0.0369848 <.0001* 
Zpex,168 HT Zpex Smile,24 HT 0.4715139 0.0385470 <.0001* 
Zpex,168 HT 3YTZP,5 HT 0.4593683 0.0385470 <.0001* 
3YTZP,168 HT 3YTZP,24 HT 0.4579319 0.0385470 <.0001* 
Zpex,168 HT Zpex,5 HT 0.4549168 0.0385470 <.0001* 
Zpex,168 HT Cercon®xt ,5 HT 0.4532236 0.0385470 <.0001* 
Zpex,168 HT Zpex,RT 0.4530416 0.0369848 <.0001* 
3YTZP,168 HT Zpex,1 YR 0.4471636 0.0385470 <.0001* 
3YTZP,168 HT 3YTZP,1 YR 0.4443880 0.0385470 <.0001* 
Zpex,168 HT 3YTZP,24 HT 0.4393450 0.0385470 <.0001* 
Zpex,168 HT Zpex,1 YR 0.4285767 0.0385470 <.0001* 
Zpex,168 HT 3YTZP,1 YR 0.4258011 0.0385470 <.0001* 
Zpex,24 HT Zpex Smile,5 HT 0.2593138 0.0385470 <.0001* 
Zpex,24 HT Cercon®xt ,24 HT 0.2578687 0.0385470 <.0001* 
Zpex,24 HT Zpex Smile,1 YR 0.2515966 0.0385470 <.0001* 
Zpex,24 HT Cercon®xt ,RT 0.2511886 0.0376436 <.0001* 
3YTZP,168 HT Zpex,24 HT 0.2496411 0.0385470 <.0001* 
Zpex,24 HT Cercon®xt ,1 YR 0.2465888 0.0385470 <.0001* 
Zpex,24 HT Zpex Smile,RT 0.2447227 0.0385470 <.0001* 
Zpex,24 HT 3YTZP,RT 0.2422690 0.0385470 <.0001* 
Zpex,24 HT Zpex Smile,168 HT 0.2420908 0.0385470 <.0001* 
Zpex,24 HT Cercon®xt ,168 HT 0.2418805 0.0385470 <.0001* 
Zpex,24 HT Zpex Smile,24 HT 0.2404597 0.0385470 <.0001* 
Zpex,168 HT Zpex,24 HT 0.2310542 0.0385470 <.0001* 
Zpex,24 HT 3YTZP,5 HT 0.2283141 0.0385470 <.0001* 
Zpex,24 HT Zpex,5 HT 0.2238626 0.0385470 <.0001* 
Zpex,24 HT Cercon®xt ,5 HT 0.2221694 0.0385470 <.0001* 
Zpex,24 HT Zpex,RT 0.2219874 0.0369848 <.0001* 
Zpex,24 HT 3YTZP,24 HT 0.2082908 0.0385470 <.0001* 
Zpex,24 HT Zpex,1 YR 0.1975225 0.0385470 0.0002* 
Zpex,24 HT 3YTZP,1 YR 0.1947469 0.0385470 0.0002* 
3YTZP,1 YR Zpex Smile,5 HT 0.0645669 0.0385470 0.9800 
3YTZP,1 YR Cercon®xt ,24 HT 0.0631218 0.0385470 0.9842 
Zpex,1 YR Zpex Smile,5 HT 0.0617913 0.0385470 0.9875 
Zpex,1 YR Cercon®xt ,24 HT 0.0603462 0.0385470 0.9904 
3YTZP,1 YR Zpex Smile,1 YR 0.0568497 0.0385470 0.9952 
3YTZP,1 YR Cercon®xt ,RT 0.0564417 0.0376436 0.9942 
Zpex,1 YR Zpex Smile,1 YR 0.0540740 0.0385470 0.9974 




3YTZP,1 YR Cercon®xt ,1 YR 0.0518419 0.0385470 0.9985 
3YTZP,24 HT Zpex Smile,5 HT 0.0510230 0.0385470 0.9988 
3YTZP,1 YR Zpex Smile,RT 0.0499758 0.0385470 0.9991 
3YTZP,24 HT Cercon®xt ,24 HT 0.0495779 0.0385470 0.9992 
Zpex,1 YR Cercon®xt ,1 YR 0.0490662 0.0385470 0.9993 
3YTZP,1 YR 3YTZP,RT 0.0475221 0.0385470 0.9995 
3YTZP,1 YR Zpex Smile,168 HT 0.0473439 0.0385470 0.9996 
Zpex,1 YR Zpex Smile,RT 0.0472002 0.0385470 0.9996 
3YTZP,1 YR Cercon®xt ,168 HT 0.0471336 0.0385470 0.9996 
3YTZP,1 YR Zpex Smile,24 HT 0.0457128 0.0385470 0.9997 
Zpex,1 YR 3YTZP,RT 0.0447465 0.0385470 0.9998 
Zpex,1 YR Zpex Smile,168 HT 0.0445683 0.0385470 0.9998 
Zpex,1 YR Cercon®xt ,168 HT 0.0443579 0.0385470 0.9998 
3YTZP,24 HT Zpex Smile,1 YR 0.0433058 0.0385470 0.9999 
Zpex,1 YR Zpex Smile,24 HT 0.0429372 0.0385470 0.9999 
3YTZP,24 HT Cercon®xt ,RT 0.0428978 0.0376436 0.9998 
3YTZP,24 HT Cercon®xt ,1 YR 0.0382979 0.0385470 1.0000 
Zpex,RT Zpex Smile,5 HT 0.0373265 0.0369848 1.0000 
Cercon®xt ,5 HT Zpex Smile,5 HT 0.0371444 0.0385470 1.0000 
3YTZP,24 HT Zpex Smile,RT 0.0364319 0.0385470 1.0000 
Zpex,RT Cercon®xt ,24 HT 0.0358813 0.0369848 1.0000 
Cercon®xt ,5 HT Cercon®xt ,24 HT 0.0356993 0.0385470 1.0000 
Zpex,5 HT Zpex Smile,5 HT 0.0354512 0.0385470 1.0000 
Zpex,5 HT Cercon®xt ,24 HT 0.0340061 0.0385470 1.0000 
3YTZP,24 HT 3YTZP,RT 0.0339782 0.0385470 1.0000 
3YTZP,24 HT Zpex Smile,168 HT 0.0338000 0.0385470 1.0000 
3YTZP,24 HT Cercon®xt ,168 HT 0.0335896 0.0385470 1.0000 
3YTZP,1 YR 3YTZP,5 HT 0.0335672 0.0385470 1.0000 
3YTZP,24 HT Zpex Smile,24 HT 0.0321689 0.0385470 1.0000 
3YTZP,5 HT Zpex Smile,5 HT 0.0309997 0.0385470 1.0000 
Zpex,1 YR 3YTZP,5 HT 0.0307916 0.0385470 1.0000 
Zpex,RT Zpex Smile,1 YR 0.0296092 0.0369848 1.0000 
3YTZP,5 HT Cercon®xt ,24 HT 0.0295546 0.0385470 1.0000 
Cercon®xt ,5 HT Zpex Smile,1 YR 0.0294272 0.0385470 1.0000 
Zpex,RT Cercon®xt ,RT 0.0292013 0.0361028 1.0000 
3YTZP,1 YR Zpex,5 HT 0.0291157 0.0385470 1.0000 
Cercon®xt ,5 HT Cercon®xt ,RT 0.0290192 0.0376436 1.0000 
Zpex,5 HT Zpex Smile,1 YR 0.0277340 0.0385470 1.0000 
3YTZP,1 YR Cercon®xt ,5 HT 0.0274225 0.0385470 1.0000 
Zpex,5 HT Cercon®xt ,RT 0.0273260 0.0376436 1.0000 
3YTZP,1 YR Zpex,RT 0.0272405 0.0369848 1.0000 
Zpex,1 YR Zpex,5 HT 0.0263401 0.0385470 1.0000 
Zpex,1 YR Cercon®xt ,5 HT 0.0246468 0.0385470 1.0000 
Zpex,RT Cercon®xt ,1 YR 0.0246014 0.0369848 1.0000 




Cercon®xt ,5 HT Cercon®xt ,1 YR 0.0244194 0.0385470 1.0000 
3YTZP,5 HT Zpex Smile,1 YR 0.0232824 0.0385470 1.0000 
3YTZP,5 HT Cercon®xt ,RT 0.0228745 0.0376436 1.0000 
Zpex,RT Zpex Smile,RT 0.0227353 0.0369848 1.0000 
Zpex,5 HT Cercon®xt ,1 YR 0.0227261 0.0385470 1.0000 
Cercon®xt ,5 HT Zpex Smile,RT 0.0225533 0.0385470 1.0000 
Zpex,5 HT Zpex Smile,RT 0.0208601 0.0385470 1.0000 
Zpex,RT 3YTZP,RT 0.0202817 0.0369848 1.0000 
Zpex,RT Zpex Smile,168 HT 0.0201034 0.0369848 1.0000 
Cercon®xt ,5 HT 3YTZP,RT 0.0200997 0.0385470 1.0000 
3YTZP,24 HT 3YTZP,5 HT 0.0200233 0.0385470 1.0000 
Cercon®xt ,5 HT Zpex Smile,168 HT 0.0199214 0.0385470 1.0000 
Zpex,RT Cercon®xt ,168 HT 0.0198931 0.0369848 1.0000 
Cercon®xt ,5 HT Cercon®xt ,168 HT 0.0197111 0.0385470 1.0000 
Zpex Smile,24 HT Zpex Smile,5 HT 0.0188541 0.0385470 1.0000 
3YTZP,168 HT Zpex,168 HT 0.0185869 0.0385470 1.0000 
Zpex,RT Zpex Smile,24 HT 0.0184724 0.0369848 1.0000 
Zpex,5 HT 3YTZP,RT 0.0184064 0.0385470 1.0000 
Cercon®xt ,5 HT Zpex Smile,24 HT 0.0182904 0.0385470 1.0000 
3YTZP,5 HT Cercon®xt ,1 YR 0.0182746 0.0385470 1.0000 
Zpex,5 HT Zpex Smile,168 HT 0.0182282 0.0385470 1.0000 
Zpex,5 HT Cercon®xt ,168 HT 0.0180178 0.0385470 1.0000 
Cercon®xt ,168 HT Zpex Smile,5 HT 0.0174334 0.0385470 1.0000 
Zpex Smile,24 HT Cercon®xt ,24 HT 0.0174090 0.0385470 1.0000 
Zpex Smile,168 HT Zpex Smile,5 HT 0.0172230 0.0385470 1.0000 
3YTZP,RT Zpex Smile,5 HT 0.0170448 0.0385470 1.0000 
Zpex,5 HT Zpex Smile,24 HT 0.0165971 0.0385470 1.0000 
3YTZP,5 HT Zpex Smile,RT 0.0164086 0.0385470 1.0000 
Cercon®xt ,168 HT Cercon®xt ,24 HT 0.0159882 0.0385470 1.0000 
Zpex Smile,168 HT Cercon®xt ,24 HT 0.0157779 0.0385470 1.0000 
3YTZP,RT Cercon®xt ,24 HT 0.0155996 0.0385470 1.0000 
3YTZP,24 HT Zpex,5 HT 0.0155718 0.0385470 1.0000 
Zpex Smile,RT Zpex Smile,5 HT 0.0145911 0.0385470 1.0000 
3YTZP,5 HT 3YTZP,RT 0.0139549 0.0385470 1.0000 
3YTZP,24 HT Cercon®xt ,5 HT 0.0138786 0.0385470 1.0000 
3YTZP,5 HT Zpex Smile,168 HT 0.0137766 0.0385470 1.0000 
3YTZP,24 HT Zpex,RT 0.0136965 0.0369848 1.0000 
3YTZP,5 HT Cercon®xt ,168 HT 0.0135663 0.0385470 1.0000 
3YTZP,1 YR 3YTZP,24 HT 0.0135439 0.0385470 1.0000 
Zpex Smile,RT Cercon®xt ,24 HT 0.0131460 0.0385470 1.0000 
Cercon®xt ,1 YR Zpex Smile,5 HT 0.0127251 0.0385470 1.0000 
3YTZP,5 HT Zpex Smile,24 HT 0.0121456 0.0385470 1.0000 
Cercon®xt ,1 YR Cercon®xt ,24 HT 0.0112799 0.0385470 1.0000 
Zpex Smile,24 HT Zpex Smile,1 YR 0.0111368 0.0385470 1.0000 




Zpex Smile,24 HT Cercon®xt ,RT 0.0107289 0.0376436 1.0000 
Cercon®xt ,168 HT Zpex Smile,1 YR 0.0097161 0.0385470 1.0000 
Zpex Smile,168 HT Zpex Smile,1 YR 0.0095058 0.0385470 1.0000 
3YTZP,RT Zpex Smile,1 YR 0.0093275 0.0385470 1.0000 
Cercon®xt ,168 HT Cercon®xt ,RT 0.0093082 0.0376436 1.0000 
Zpex Smile,168 HT Cercon®xt ,RT 0.0090978 0.0376436 1.0000 
3YTZP,RT Cercon®xt ,RT 0.0089196 0.0376436 1.0000 
Cercon®xt ,RT Zpex Smile,5 HT 0.0081252 0.0376436 1.0000 
Zpex Smile,1 YR Zpex Smile,5 HT 0.0077172 0.0385470 1.0000 
Zpex Smile,RT Zpex Smile,1 YR 0.0068739 0.0385470 1.0000 
Cercon®xt ,RT Cercon®xt ,24 HT 0.0066801 0.0376436 1.0000 
Zpex Smile,RT Cercon®xt ,RT 0.0064659 0.0376436 1.0000 
Zpex,RT 3YTZP,5 HT 0.0063268 0.0369848 1.0000 
Zpex Smile,1 YR Cercon®xt ,24 HT 0.0062721 0.0385470 1.0000 
Cercon®xt ,5 HT 3YTZP,5 HT 0.0061448 0.0385470 1.0000 
Zpex Smile,24 HT Cercon®xt ,1 YR 0.0061290 0.0385470 1.0000 
Cercon®xt ,1 YR Zpex Smile,1 YR 0.0050078 0.0385470 1.0000 
Cercon®xt ,168 HT Cercon®xt ,1 YR 0.0047083 0.0385470 1.0000 
Cercon®xt ,1 YR Cercon®xt ,RT 0.0045999 0.0376436 1.0000 
Zpex Smile,168 HT Cercon®xt ,1 YR 0.0044980 0.0385470 1.0000 
Zpex,5 HT 3YTZP,5 HT 0.0044515 0.0385470 1.0000 
3YTZP,RT Cercon®xt ,1 YR 0.0043197 0.0385470 1.0000 
Zpex Smile,24 HT Zpex Smile,RT 0.0042630 0.0385470 1.0000 
Cercon®xt ,168 HT Zpex Smile,RT 0.0028422 0.0385470 1.0000 
3YTZP,1 YR Zpex,1 YR 0.0027756 0.0385470 1.0000 
Zpex Smile,168 HT Zpex Smile,RT 0.0026319 0.0385470 1.0000 
3YTZP,RT Zpex Smile,RT 0.0024536 0.0385470 1.0000 
Zpex,RT Zpex,5 HT 0.0018753 0.0369848 1.0000 
Zpex Smile,RT Cercon®xt ,1 YR 0.0018661 0.0385470 1.0000 
Zpex Smile,24 HT 3YTZP,RT 0.0018093 0.0385470 1.0000 
Cercon®xt ,5 HT Zpex,5 HT 0.0016932 0.0385470 1.0000 
Zpex Smile,24 HT Zpex Smile,168 HT 0.0016311 0.0385470 1.0000 
Cercon®xt ,24 HT Zpex Smile,5 HT 0.0014451 0.0385470 1.0000 
Zpex Smile,24 HT Cercon®xt ,168 HT 0.0014207 0.0385470 1.0000 
Cercon®xt ,RT Zpex Smile,1 YR 0.0004080 0.0376436 1.0000 
Cercon®xt ,168 HT 3YTZP,RT 0.0003886 0.0385470 1.0000 
Cercon®xt ,168 HT Zpex Smile,168 HT 0.0002103 0.0385470 1.0000 
Zpex,RT Cercon®xt ,5 HT 0.0001820 0.0369848 1.0000 





Table A 30: Level of significance of the effect of aging process and the fraction of 
monoclinic phase of all materials as sintered groups 
Level - Level Difference p-Value 
Zpex,168 HT Zpex Smile,5 HT 0.6607400 <.0001* 
Zpex,168 HT Zpex Smile,168 HT 0.6607400 <.0001* 
Zpex,168 HT Cercon®xt ,RT 0.6607400 <.0001* 
Zpex,168 HT Zpex Smile,RT 0.6607400 <.0001* 
Zpex,168 HT Zpex Smile,24 HT 0.6607400 <.0001* 
Zpex,168 HT Zpex Smile,1 YR 0.6607400 <.0001* 
Zpex,168 HT Cercon®xt ,5 HT 0.6607400 <.0001* 
Zpex,168 HT Cercon®xt ,1 YR 0.6607400 <.0001* 
Zpex,168 HT Cercon®xt ,168 HT 0.6600733 <.0001* 
Zpex,168 HT Cercon®xt ,24 HT 0.6598733 <.0001* 
Zpex,168 HT Zpex,RT 0.6598066 <.0001* 
Zpex,168 HT 3YTZP,RT 0.6590399 <.0001* 
Zpex,168 HT Zpex,5 HT 0.6398150 <.0001* 
Zpex,168 HT 3YTZP,5 HT 0.6138395 <.0001* 
Zpex,168 HT 3YTZP,1 YR 0.6018733 <.0001* 
Zpex,168 HT Zpex,1 YR 0.5960715 <.0001* 
3YTZP,168 HT Zpex Smile,168 HT 0.5888781 <.0001* 
3YTZP,168 HT Cercon®xt ,RT 0.5888781 <.0001* 
3YTZP,168 HT Zpex Smile,RT 0.5888781 <.0001* 
3YTZP,168 HT Zpex Smile,5 HT 0.5888781 <.0001* 
3YTZP,168 HT Zpex Smile,24 HT 0.5888781 <.0001* 
3YTZP,168 HT Zpex Smile,1 YR 0.5888781 <.0001* 
3YTZP,168 HT Cercon®xt ,5 HT 0.5888781 <.0001* 
3YTZP,168 HT Cercon®xt ,1 YR 0.5888781 <.0001* 
3YTZP,168 HT Cercon®xt ,168 HT 0.5882114 <.0001* 
3YTZP,168 HT Cercon®xt ,24 HT 0.5880114 <.0001* 
3YTZP,168 HT Zpex,RT 0.5879447 <.0001* 
3YTZP,168 HT 3YTZP,RT 0.5871780 <.0001* 
Zpex,168 HT 3YTZP,24 HT 0.5742733 <.0001* 
3YTZP,168 HT Zpex,5 HT 0.5679531 <.0001* 
3YTZP,168 HT 3YTZP,5 HT 0.5419776 <.0001* 
3YTZP,168 HT 3YTZP,1 YR 0.5300114 <.0001* 
3YTZP,168 HT Zpex,1 YR 0.5242095 <.0001* 
3YTZP,168 HT 3YTZP,24 HT 0.5024114 <.0001* 
Zpex,168 HT Zpex,24 HT 0.3433396 <.0001* 
Zpex,24 HT Zpex Smile,168 HT 0.3174004 <.0001* 




Zpex,24 HT Cercon®xt ,RT 0.3174004 <.0001* 
Zpex,24 HT Zpex Smile,RT 0.3174004 <.0001* 
Zpex,24 HT Zpex Smile,24 HT 0.3174004 <.0001* 
Zpex,24 HT Zpex Smile,1 YR 0.3174004 <.0001* 
Zpex,24 HT Cercon®xt ,5 HT 0.3174004 <.0001* 
Zpex,24 HT Cercon®xt ,1 YR 0.3174004 <.0001* 
Zpex,24 HT Cercon®xt ,168 HT 0.3167337 <.0001* 
Zpex,24 HT Cercon®xt ,24 HT 0.3165337 <.0001* 
Zpex,24 HT Zpex,RT 0.3164670 <.0001* 
Zpex,24 HT 3YTZP,RT 0.3157003 <.0001* 
Zpex,24 HT Zpex,5 HT 0.2964754 <.0001* 
3YTZP,168 HT Zpex,24 HT 0.2714777 <.0001* 
Zpex,24 HT 3YTZP,5 HT 0.2704999 <.0001* 
Zpex,24 HT 3YTZP,1 YR 0.2585337 0.0002* 
Zpex,24 HT Zpex,1 YR 0.2527319 0.0003* 
Zpex,24 HT 3YTZP,24 HT 0.2309337 0.0013* 
3YTZP,24 HT Zpex Smile,168 HT 0.0864667 0.9196 
3YTZP,24 HT Cercon®xt ,RT 0.0864667 0.9196 
3YTZP,24 HT Zpex Smile,5 HT 0.0864667 0.9196 
3YTZP,24 HT Zpex Smile,RT 0.0864667 0.9196 
3YTZP,24 HT Zpex Smile,1 YR 0.0864667 0.9196 
3YTZP,24 HT Cercon®xt ,5 HT 0.0864667 0.9196 
3YTZP,24 HT Cercon®xt ,1 YR 0.0864667 0.9196 
3YTZP,24 HT Zpex Smile,24 HT 0.0864667 0.9196 
3YTZP,24 HT Cercon®xt ,168 HT 0.0858000 0.9244 
3YTZP,24 HT Cercon®xt ,24 HT 0.0856000 0.9257 
3YTZP,24 HT Zpex,RT 0.0855333 0.9262 
3YTZP,24 HT 3YTZP,RT 0.0847666 0.9313 
Zpex,168 HT 3YTZP,168 HT 0.0718619 0.9848 
3YTZP,24 HT Zpex,5 HT 0.0655417 0.9943 
Zpex,1 YR Zpex Smile,168 HT 0.0646685 0.9951 
Zpex,1 YR Cercon®xt ,RT 0.0646685 0.9951 
Zpex,1 YR Zpex Smile,5 HT 0.0646685 0.9951 
Zpex,1 YR Zpex Smile,RT 0.0646685 0.9951 
Zpex,1 YR Zpex Smile,1 YR 0.0646685 0.9951 
Zpex,1 YR Cercon®xt ,5 HT 0.0646685 0.9951 
Zpex,1 YR Cercon®xt ,1 YR 0.0646685 0.9951 
Zpex,1 YR Zpex Smile,24 HT 0.0646685 0.9951 
Zpex,1 YR Cercon®xt ,168 HT 0.0640019 0.9957 




Zpex,1 YR Zpex,RT 0.0637351 0.9959 
Zpex,1 YR 3YTZP,RT 0.0629685 0.9964 
3YTZP,1 YR Zpex Smile,168 HT 0.0588667 0.9984 
3YTZP,1 YR Cercon®xt ,RT 0.0588667 0.9984 
3YTZP,1 YR Zpex Smile,5 HT 0.0588667 0.9984 
3YTZP,1 YR Zpex Smile,RT 0.0588667 0.9984 
3YTZP,1 YR Zpex Smile,1 YR 0.0588667 0.9984 
3YTZP,1 YR Cercon®xt ,5 HT 0.0588667 0.9984 
3YTZP,1 YR Cercon®xt ,1 YR 0.0588667 0.9984 
3YTZP,1 YR Zpex Smile,24 HT 0.0588667 0.9984 
3YTZP,1 YR Cercon®xt ,168 HT 0.0582000 0.9986 
3YTZP,1 YR Cercon®xt ,24 HT 0.0580000 0.9987 
3YTZP,1 YR Zpex,RT 0.0579333 0.9987 
3YTZP,1 YR 3YTZP,RT 0.0571666 0.9989 
3YTZP,5 HT Zpex Smile,168 HT 0.0469005 0.9999 
3YTZP,5 HT Cercon®xt ,RT 0.0469005 0.9999 
3YTZP,5 HT Zpex Smile,5 HT 0.0469005 0.9999 
3YTZP,5 HT Zpex Smile,RT 0.0469005 0.9999 
3YTZP,5 HT Zpex Smile,1 YR 0.0469005 0.9999 
3YTZP,5 HT Cercon®xt ,5 HT 0.0469005 0.9999 
3YTZP,5 HT Cercon®xt ,1 YR 0.0469005 0.9999 
3YTZP,5 HT Zpex Smile,24 HT 0.0469005 0.9999 
3YTZP,5 HT Cercon®xt ,168 HT 0.0462338 0.9999 
3YTZP,5 HT Cercon®xt ,24 HT 0.0460338 0.9999 
3YTZP,5 HT Zpex,RT 0.0459671 0.9999 
3YTZP,5 HT 3YTZP,RT 0.0452004 1.0000 
Zpex,1 YR Zpex,5 HT 0.0437435 1.0000 
3YTZP,24 HT 3YTZP,5 HT 0.0395662 1.0000 
3YTZP,1 YR Zpex,5 HT 0.0379417 1.0000 
3YTZP,24 HT 3YTZP,1 YR 0.0276000 1.0000 
3YTZP,5 HT Zpex,5 HT 0.0259755 1.0000 
3YTZP,24 HT Zpex,1 YR 0.0217981 1.0000 
Zpex,5 HT Zpex Smile,168 HT 0.0209250 1.0000 
Zpex,5 HT Cercon®xt ,RT 0.0209250 1.0000 
Zpex,5 HT Zpex Smile,5 HT 0.0209250 1.0000 
Zpex,5 HT Zpex Smile,RT 0.0209250 1.0000 
Zpex,5 HT Zpex Smile,1 YR 0.0209250 1.0000 
Zpex,5 HT Cercon®xt ,5 HT 0.0209250 1.0000 
Zpex,5 HT Cercon®xt ,1 YR 0.0209250 1.0000 




Zpex,5 HT Cercon®xt ,168 HT 0.0202583 1.0000 
Zpex,5 HT Cercon®xt ,24 HT 0.0200583 1.0000 
Zpex,5 HT Zpex,RT 0.0199916 1.0000 
Zpex,5 HT 3YTZP,RT 0.0192249 1.0000 
Zpex,1 YR 3YTZP,5 HT 0.0177681 1.0000 
3YTZP,1 YR 3YTZP,5 HT 0.0119662 1.0000 
Zpex,1 YR 3YTZP,1 YR 0.0058019 1.0000 
3YTZP,RT Zpex Smile,168 HT 0.0017001 1.0000 
3YTZP,RT Cercon®xt ,RT 0.0017001 1.0000 
3YTZP,RT Zpex Smile,5 HT 0.0017001 1.0000 
3YTZP,RT Zpex Smile,RT 0.0017001 1.0000 
3YTZP,RT Zpex Smile,1 YR 0.0017001 1.0000 
3YTZP,RT Cercon®xt ,5 HT 0.0017001 1.0000 
3YTZP,RT Cercon®xt ,1 YR 0.0017001 1.0000 
3YTZP,RT Zpex Smile,24 HT 0.0017001 1.0000 
3YTZP,RT Cercon®xt ,168 HT 0.0010334 1.0000 
Zpex,RT Zpex Smile,168 HT 0.0009334 1.0000 
Zpex,RT Cercon®xt ,RT 0.0009334 1.0000 
Zpex,RT Zpex Smile,5 HT 0.0009334 1.0000 
Zpex,RT Zpex Smile,RT 0.0009334 1.0000 
Zpex,RT Zpex Smile,1 YR 0.0009334 1.0000 
Zpex,RT Cercon®xt ,5 HT 0.0009334 1.0000 
Zpex,RT Cercon®xt ,1 YR 0.0009334 1.0000 
Zpex,RT Zpex Smile,24 HT 0.0009334 1.0000 
Cercon®xt ,24 HT Zpex Smile,168 HT 0.0008667 1.0000 
Cercon®xt ,24 HT Cercon®xt ,RT 0.0008667 1.0000 
Cercon®xt ,24 HT Zpex Smile,5 HT 0.0008667 1.0000 
Cercon®xt ,24 HT Zpex Smile,RT 0.0008667 1.0000 
Cercon®xt ,24 HT Zpex Smile,1 YR 0.0008667 1.0000 
Cercon®xt ,24 HT Cercon®xt ,5 HT 0.0008667 1.0000 
Cercon®xt ,24 HT Cercon®xt ,1 YR 0.0008667 1.0000 
Cercon®xt ,24 HT Zpex Smile,24 HT 0.0008667 1.0000 
3YTZP,RT Cercon®xt ,24 HT 0.0008334 1.0000 
3YTZP,RT Zpex,RT 0.0007667 1.0000 
Cercon®xt ,168 HT Zpex Smile,168 HT 0.0006667 1.0000 
Cercon®xt ,168 HT Cercon®xt ,RT 0.0006667 1.0000 
Cercon®xt ,168 HT Zpex Smile,5 HT 0.0006667 1.0000 
Cercon®xt ,168 HT Zpex Smile,RT 0.0006667 1.0000 
Cercon®xt ,168 HT Zpex Smile,1 YR 0.0006667 1.0000 




Cercon®xt ,168 HT Cercon®xt ,1 YR 0.0006667 1.0000 
Cercon®xt ,168 HT Zpex Smile,24 HT 0.0006667 1.0000 
Zpex,RT Cercon®xt ,168 HT 0.0002667 1.0000 
Cercon®xt ,24 HT Cercon®xt ,168 HT 0.0002000 1.0000 
Zpex,RT Cercon®xt ,24 HT 0.0000667 1.0000 
Zpex Smile,24 HT Zpex Smile,168 HT 8.327e-17 1.0000 
Zpex Smile,24 HT Cercon®xt ,RT 6.939e-17 1.0000 
Zpex Smile,24 HT Zpex Smile,5 HT 5.551e-17 1.0000 
Zpex Smile,RT Zpex Smile,168 HT 5.551e-17 1.0000 
Zpex Smile,1 YR Zpex Smile,168 HT 5.551e-17 1.0000 
Cercon®xt ,5 HT Zpex Smile,168 HT 5.551e-17 1.0000 
Cercon®xt ,1 YR Zpex Smile,168 HT 5.551e-17 1.0000 
Zpex Smile,RT Cercon®xt ,RT 4.163e-17 1.0000 
Zpex Smile,1 YR Cercon®xt ,RT 4.163e-17 1.0000 
Cercon®xt ,5 HT Cercon®xt ,RT 4.163e-17 1.0000 
Cercon®xt ,1 YR Cercon®xt ,RT 4.163e-17 1.0000 
Zpex Smile,RT Zpex Smile,5 HT 2.776e-17 1.0000 
Zpex Smile,24 HT Zpex Smile,RT 2.776e-17 1.0000 
Zpex Smile,5 HT Zpex Smile,168 HT 2.776e-17 1.0000 
Zpex Smile,1 YR Zpex Smile,5 HT 2.776e-17 1.0000 
Zpex Smile,24 HT Zpex Smile,1 YR 2.776e-17 1.0000 
Cercon®xt ,5 HT Zpex Smile,5 HT 2.776e-17 1.0000 
Zpex Smile,24 HT Cercon®xt ,5 HT 2.776e-17 1.0000 
Cercon®xt ,1 YR Zpex Smile,5 HT 2.776e-17 1.0000 
Zpex Smile,24 HT Cercon®xt ,1 YR 2.776e-17 1.0000 
Zpex Smile,5 HT Cercon®xt ,RT 1.388e-17 1.0000 
Cercon®xt ,RT Zpex Smile,168 HT 1.388e-17 1.0000 
Zpex Smile,1 YR Zpex Smile,RT 0.0000000 1.0000 
Cercon®xt ,5 HT Zpex Smile,RT 0.0000000 1.0000 
Cercon®xt ,5 HT Zpex Smile,1 YR 0.0000000 1.0000 
Cercon®xt ,1 YR Zpex Smile,RT 0.0000000 1.0000 
Cercon®xt ,1 YR Zpex Smile,1 YR 0.0000000 1.0000 
Cercon®xt ,1 YR Cercon®xt ,5 HT 0.0000000 1.0000 
 
Table A 31: Level of significance of the effect of aging process and the fraction of 
monoclinic phase of all materials grinding groups 
Level - Level Difference p-Value 
3YTZP,168 HT Cercon®xt ,24 HT 0.2598747 0.0023* 
3YTZP,168 HT Zpex Smile,5 HT 0.2582101 0.0024* 




3YTZP,168 HT Zpex Smile,1 YR 0.2439916 0.0039* 
3YTZP,168 HT 3YTZP,24 HT 0.2420077 0.0042* 
3YTZP,168 HT Zpex,5 HT 0.2412780 0.0043* 
3YTZP,168 HT Cercon®xt ,RT 0.2411780 0.0043* 
3YTZP,168 HT 3YTZP,RT 0.2294757 0.0064* 
3YTZP,168 HT Cercon®xt ,1 YR 0.2279690 0.0067* 
3YTZP,168 HT Zpex,RT 0.2249357 0.0031* 
3YTZP,168 HT Zpex Smile,24 HT 0.2222787 0.0081* 
3YTZP,168 HT Zpex,1 YR 0.2191767 0.0090* 
3YTZP,168 HT Zpex Smile,RT 0.2154700 0.0101* 
3YTZP,168 HT Cercon®xt ,168 HT 0.2107766 0.0117* 
3YTZP,168 HT Zpex Smile,168 HT 0.2065409 0.0134* 
Zpex,168 HT Cercon®xt ,24 HT 0.2048747 0.0141* 
Zpex,168 HT Zpex Smile,5 HT 0.2032101 0.0148* 
Zpex,168 HT 3YTZP,5 HT 0.1899778 0.0222* 
3YTZP,168 HT 3YTZP,1 YR 0.1891057 0.0228* 
Zpex,168 HT Zpex Smile,1 YR 0.1889917 0.0228* 
Zpex,168 HT 3YTZP,24 HT 0.1870077 0.0242* 
Zpex,168 HT Zpex,5 HT 0.1862780 0.0247* 
Zpex,168 HT Cercon®xt ,RT 0.1861780 0.0248* 
Zpex,168 HT 3YTZP,RT 0.1744757 0.0348* 
Zpex,168 HT Cercon®xt ,1 YR 0.1729690 0.0363* 
Zpex,168 HT Zpex,RT 0.1699357 0.0222* 
Zpex,168 HT Zpex Smile,24 HT 0.1672787 0.0426* 
Zpex,168 HT Zpex,1 YR 0.1641767 0.0464* 
Zpex,168 HT Zpex Smile,RT 0.1604700 0.0513 
Zpex,168 HT Cercon®xt ,168 HT 0.1557767 0.0582 
Zpex,168 HT Zpex Smile,168 HT 0.1515410 0.0650 
3YTZP,168 HT Cercon®xt ,5 HT 0.1467767 0.0736 
Zpex,168 HT 3YTZP,1 YR 0.1341058 0.1010 
3YTZP,168 HT Zpex,24 HT 0.1301835 0.1111 
Zpex,24 HT Cercon®xt ,24 HT 0.1296911 0.1124 
Zpex,24 HT Zpex Smile,5 HT 0.1280266 0.1169 
Zpex,24 HT 3YTZP,5 HT 0.1147943 0.1586 
Zpex,24 HT Zpex Smile,1 YR 0.1138081 0.1621 
Cercon®xt ,5 HT Cercon®xt ,24 HT 0.1130979 0.1647 
Zpex,24 HT 3YTZP,24 HT 0.1118242 0.1694 
Cercon®xt ,5 HT Zpex Smile,5 HT 0.1114333 0.1709 
Zpex,24 HT Zpex,5 HT 0.1110945 0.1722 




Zpex,24 HT 3YTZP,RT 0.0992922 0.2213 
Cercon®xt ,5 HT 3YTZP,5 HT 0.0982010 0.2264 
Zpex,24 HT Cercon®xt ,1 YR 0.0977855 0.2283 
Cercon®xt ,5 HT Zpex Smile,1 YR 0.0972149 0.2310 
Cercon®xt ,5 HT 3YTZP,24 HT 0.0952310 0.2405 
Zpex,24 HT Zpex,RT 0.0947522 0.1925 
Cercon®xt ,5 HT Zpex,5 HT 0.0945013 0.2440 
Cercon®xt ,5 HT Cercon®xt ,RT 0.0944013 0.2445 
Zpex,24 HT Zpex Smile,24 HT 0.0920952 0.2561 
Zpex,168 HT Cercon®xt ,5 HT 0.0917767 0.2577 
Zpex,24 HT Zpex,1 YR 0.0889932 0.2722 
Zpex,24 HT Zpex Smile,RT 0.0852865 0.2924 
Cercon®xt ,5 HT 3YTZP,RT 0.0826989 0.3071 
Cercon®xt ,5 HT Cercon®xt ,1 YR 0.0811923 0.3159 
Zpex,24 HT Cercon®xt ,168 HT 0.0805931 0.3194 
Cercon®xt ,5 HT Zpex,RT 0.0781590 0.2808 
Zpex,24 HT Zpex Smile,168 HT 0.0763574 0.3452 
Cercon®xt ,5 HT Zpex Smile,24 HT 0.0755020 0.3506 
Zpex,168 HT Zpex,24 HT 0.0751835 0.3526 
Cercon®xt ,5 HT Zpex,1 YR 0.0724000 0.3705 
3YTZP,1 YR Cercon®xt ,24 HT 0.0707689 0.3813 
3YTZP,1 YR Zpex Smile,5 HT 0.0691043 0.3925 
Cercon®xt ,5 HT Zpex Smile,RT 0.0686933 0.3953 
Cercon®xt ,5 HT Cercon®xt ,168 HT 0.0639999 0.4281 
Cercon®xt ,5 HT Zpex Smile,168 HT 0.0597642 0.4591 
Zpex,24 HT 3YTZP,1 YR 0.0589222 0.4654 
3YTZP,1 YR 3YTZP,5 HT 0.0558720 0.4887 
3YTZP,168 HT Zpex,168 HT 0.0550000 0.4954 
3YTZP,1 YR Zpex Smile,1 YR 0.0548859 0.4963 
Zpex Smile,168 HT Cercon®xt ,24 HT 0.0533337 0.5085 
3YTZP,1 YR 3YTZP,24 HT 0.0529020 0.5120 
3YTZP,1 YR Zpex,5 HT 0.0521723 0.5178 
3YTZP,1 YR Cercon®xt ,RT 0.0520723 0.5186 
Zpex Smile,168 HT Zpex Smile,5 HT 0.0516691 0.5218 
Cercon®xt ,168 HT Cercon®xt ,24 HT 0.0490980 0.5426 
Cercon®xt ,168 HT Zpex Smile,5 HT 0.0474334 0.5563 
Zpex Smile,RT Cercon®xt ,24 HT 0.0444046 0.5817 
Zpex Smile,RT Zpex Smile,5 HT 0.0427400 0.5959 
Cercon®xt ,5 HT 3YTZP,1 YR 0.0423290 0.5994 




3YTZP,1 YR 3YTZP,RT 0.0403699 0.6164 
Zpex,1 YR Zpex Smile,5 HT 0.0390333 0.6281 
3YTZP,1 YR Cercon®xt ,1 YR 0.0388633 0.6296 
Zpex Smile,168 HT 3YTZP,5 HT 0.0384368 0.6333 
Zpex Smile,24 HT Cercon®xt ,24 HT 0.0375960 0.6407 
Zpex Smile,168 HT Zpex Smile,1 YR 0.0374507 0.6420 
Zpex Smile,24 HT Zpex Smile,5 HT 0.0359314 0.6556 
3YTZP,1 YR Zpex,RT 0.0358300 0.6191 
Zpex Smile,168 HT 3YTZP,24 HT 0.0354668 0.6597 
Zpex,RT Cercon®xt ,24 HT 0.0349389 0.6278 
Zpex Smile,168 HT Zpex,5 HT 0.0347371 0.6663 
Zpex Smile,168 HT Cercon®xt ,RT 0.0346371 0.6672 
Cercon®xt ,168 HT 3YTZP,5 HT 0.0342011 0.6711 
Zpex,RT Zpex Smile,5 HT 0.0332743 0.6442 
Cercon®xt ,168 HT Zpex Smile,1 YR 0.0332150 0.6800 
3YTZP,1 YR Zpex Smile,24 HT 0.0331729 0.6804 
Cercon®xt ,1 YR Cercon®xt ,24 HT 0.0319056 0.6920 
Cercon®xt ,168 HT 3YTZP,24 HT 0.0312311 0.6982 
Cercon®xt ,168 HT Zpex,5 HT 0.0305013 0.7049 
Cercon®xt ,168 HT Cercon®xt ,RT 0.0304014 0.7058 
3YTZP,RT Cercon®xt ,24 HT 0.0303990 0.7058 
Cercon®xt ,1 YR Zpex Smile,5 HT 0.0302410 0.7073 
3YTZP,1 YR Zpex,1 YR 0.0300710 0.7088 
Zpex Smile,RT 3YTZP,5 HT 0.0295078 0.7140 
3YTZP,RT Zpex Smile,5 HT 0.0287344 0.7212 
Zpex Smile,RT Zpex Smile,1 YR 0.0285216 0.7232 
Zpex Smile,RT 3YTZP,24 HT 0.0265377 0.7417 
3YTZP,1 YR Zpex Smile,RT 0.0263643 0.7433 
Zpex Smile,RT Zpex,5 HT 0.0258080 0.7485 
Zpex,1 YR 3YTZP,5 HT 0.0258010 0.7486 
Zpex Smile,RT Cercon®xt ,RT 0.0257080 0.7495 
Zpex,1 YR Zpex Smile,1 YR 0.0248149 0.7579 
Zpex Smile,168 HT 3YTZP,RT 0.0229347 0.7757 
Zpex,1 YR 3YTZP,24 HT 0.0228310 0.7767 
Zpex Smile,24 HT 3YTZP,5 HT 0.0226991 0.7780 
Zpex,1 YR Zpex,5 HT 0.0221013 0.7837 
Zpex,1 YR Cercon®xt ,RT 0.0220013 0.7846 
Zpex Smile,24 HT Zpex Smile,1 YR 0.0217130 0.7874 
3YTZP,1 YR Cercon®xt ,168 HT 0.0216709 0.7878 




Zpex,RT 3YTZP,5 HT 0.0200420 0.7807 
Zpex Smile,24 HT 3YTZP,24 HT 0.0197290 0.8064 
Zpex,RT Zpex Smile,1 YR 0.0190559 0.7913 
Zpex Smile,24 HT Zpex,5 HT 0.0189993 0.8134 
Zpex Smile,24 HT Cercon®xt ,RT 0.0188993 0.8144 
Cercon®xt ,168 HT 3YTZP,RT 0.0186990 0.8163 
Cercon®xt ,RT Cercon®xt ,24 HT 0.0186966 0.8163 
Zpex,5 HT Cercon®xt ,24 HT 0.0185967 0.8173 
Zpex Smile,168 HT Zpex,RT 0.0183948 0.7983 
3YTZP,24 HT Cercon®xt ,24 HT 0.0178669 0.8243 
3YTZP,1 YR Zpex Smile,168 HT 0.0174352 0.8285 
Cercon®xt ,168 HT Cercon®xt ,1 YR 0.0171924 0.8308 
Zpex,RT 3YTZP,24 HT 0.0170720 0.8125 
Cercon®xt ,RT Zpex Smile,5 HT 0.0170320 0.8324 
Cercon®xt ,1 YR 3YTZP,5 HT 0.0170088 0.8326 
Zpex,5 HT Zpex Smile,5 HT 0.0169321 0.8334 
Zpex,24 HT Cercon®xt ,5 HT 0.0165932 0.8367 
Zpex,RT Zpex,5 HT 0.0163423 0.8204 
Zpex,RT Cercon®xt ,RT 0.0162423 0.8215 
3YTZP,24 HT Zpex Smile,5 HT 0.0162023 0.8404 
Cercon®xt ,1 YR Zpex Smile,1 YR 0.0160226 0.8422 
Zpex Smile,1 YR Cercon®xt ,24 HT 0.0158830 0.8435 
Zpex Smile,168 HT Zpex Smile,24 HT 0.0157377 0.8450 
3YTZP,RT 3YTZP,5 HT 0.0155021 0.8473 
3YTZP,5 HT Cercon®xt ,24 HT 0.0148969 0.8531 
3YTZP,RT Zpex Smile,1 YR 0.0145160 0.8569 
Zpex Smile,1 YR Zpex Smile,5 HT 0.0142184 0.8598 
Cercon®xt ,168 HT Zpex,RT 0.0141591 0.8441 
Cercon®xt ,1 YR 3YTZP,24 HT 0.0140387 0.8615 
Zpex Smile,RT 3YTZP,RT 0.0140056 0.8618 
Cercon®xt ,1 YR Zpex,5 HT 0.0133090 0.8686 
3YTZP,5 HT Zpex Smile,5 HT 0.0132323 0.8694 
Cercon®xt ,1 YR Cercon®xt ,RT 0.0132090 0.8696 
Zpex Smile,168 HT Zpex,1 YR 0.0126358 0.8752 
3YTZP,RT 3YTZP,24 HT 0.0125321 0.8762 
Zpex Smile,RT Cercon®xt ,1 YR 0.0124990 0.8766 
3YTZP,RT Zpex,5 HT 0.0118023 0.8834 
3YTZP,RT Cercon®xt ,RT 0.0117024 0.8844 
Cercon®xt ,168 HT Zpex Smile,24 HT 0.0115020 0.8863 




Zpex Smile,RT Zpex,RT 0.0094657 0.8954 
Zpex Smile,168 HT Zpex Smile,RT 0.0089291 0.9116 
Zpex,1 YR Cercon®xt ,1 YR 0.0087923 0.9130 
Cercon®xt ,168 HT Zpex,1 YR 0.0084001 0.9169 
Zpex Smile,24 HT 3YTZP,RT 0.0071970 0.9287 
Zpex Smile,RT Zpex Smile,24 HT 0.0068087 0.9326 
Zpex,1 YR Zpex,RT 0.0057590 0.9362 
Zpex Smile,24 HT Cercon®xt ,1 YR 0.0056903 0.9436 
Cercon®xt ,168 HT Zpex Smile,RT 0.0046934 0.9535 
Zpex,RT 3YTZP,RT 0.0045399 0.9497 
Zpex Smile,168 HT Cercon®xt ,168 HT 0.0042357 0.9580 
Cercon®xt ,RT 3YTZP,5 HT 0.0037997 0.9623 
Zpex Smile,RT Zpex,1 YR 0.0037067 0.9633 
Zpex,5 HT 3YTZP,5 HT 0.0036998 0.9633 
Zpex,1 YR Zpex Smile,24 HT 0.0031020 0.9692 
Zpex,RT Cercon®xt ,1 YR 0.0030333 0.9664 
3YTZP,24 HT 3YTZP,5 HT 0.0029701 0.9706 
Cercon®xt ,RT Zpex Smile,1 YR 0.0028136 0.9721 
Zpex,5 HT Zpex Smile,1 YR 0.0027136 0.9731 
Zpex Smile,24 HT Zpex,RT 0.0026570 0.9705 
3YTZP,24 HT Zpex Smile,1 YR 0.0019839 0.9803 
Zpex Smile,5 HT Cercon®xt ,24 HT 0.0016646 0.9835 
Cercon®xt ,1 YR 3YTZP,RT 0.0015066 0.9851 
Zpex Smile,1 YR 3YTZP,5 HT 0.0009861 0.9902 
Cercon®xt ,RT 3YTZP,24 HT 0.0008297 0.9918 
Zpex,5 HT 3YTZP,24 HT 0.0007297 0.9928 
Cercon®xt ,RT Zpex,5 HT 0.0001000 0.9990 
 
Table A 32: Level of significance of the effect of aging process and the fraction of 
monoclinic phase of all materials sandblasting groups 
Level - Level Difference p-Value 
3YTZP,168 HT Zpex Smile,168 HT 0.6797765 <.0001* 
3YTZP,168 HT Zpex Smile,5 HT 0.6797765 <.0001* 
3YTZP,168 HT Cercon®xt ,5 HT 0.6797765 <.0001* 
3YTZP,168 HT Cercon®xt ,RT 0.6790765 <.0001* 
3YTZP,168 HT Zpex Smile,RT 0.6787432 <.0001* 
3YTZP,168 HT Cercon®xt ,168 HT 0.6755765 <.0001* 
3YTZP,168 HT Cercon®xt ,24 HT 0.6746432 <.0001* 
3YTZP,168 HT Cercon®xt ,1 YR 0.6718424 <.0001* 




3YTZP,168 HT Zpex Smile,24 HT 0.6591456 <.0001* 
3YTZP,168 HT 3YTZP,RT 0.6590766 <.0001* 
3YTZP,168 HT 3YTZP,5 HT 0.6469102 <.0001* 
3YTZP,168 HT 3YTZP,24 HT 0.6293765 <.0001* 
3YTZP,168 HT Zpex,RT 0.6286755 <.0001* 
3YTZP,168 HT 3YTZP,1 YR 0.6140467 <.0001* 
3YTZP,168 HT Zpex,5 HT 0.6112799 <.0001* 
Zpex,168 HT Zpex Smile,168 HT 0.6071540 <.0001* 
Zpex,168 HT Zpex Smile,5 HT 0.6071540 <.0001* 
Zpex,168 HT Cercon®xt ,5 HT 0.6071540 <.0001* 
Zpex,168 HT Cercon®xt ,RT 0.6064540 <.0001* 
Zpex,168 HT Zpex Smile,RT 0.6061207 <.0001* 
Zpex,168 HT Cercon®xt ,168 HT 0.6029540 <.0001* 
Zpex,168 HT Cercon®xt ,24 HT 0.6020207 <.0001* 
Zpex,168 HT Cercon®xt ,1 YR 0.5992199 <.0001* 
Zpex,168 HT Zpex Smile,1 YR 0.5982207 <.0001* 
3YTZP,168 HT Zpex,1 YR 0.5981045 <.0001* 
Zpex,168 HT Zpex Smile,24 HT 0.5865231 <.0001* 
Zpex,168 HT 3YTZP,RT 0.5864541 <.0001* 
Zpex,168 HT 3YTZP,5 HT 0.5742877 <.0001* 
Zpex,168 HT 3YTZP,24 HT 0.5567540 <.0001* 
Zpex,168 HT Zpex,RT 0.5560529 <.0001* 
Zpex,168 HT 3YTZP,1 YR 0.5414242 <.0001* 
Zpex,168 HT Zpex,5 HT 0.5386574 <.0001* 
Zpex,168 HT Zpex,1 YR 0.5254820 <.0001* 
3YTZP,168 HT Zpex,24 HT 0.3472620 <.0001* 
Zpex,24 HT Zpex Smile,168 HT 0.3325145 <.0001* 
Zpex,24 HT Cercon®xt ,5 HT 0.3325145 <.0001* 
Zpex,24 HT Zpex Smile,5 HT 0.3325145 <.0001* 
Zpex,24 HT Cercon®xt ,RT 0.3318145 <.0001* 
Zpex,24 HT Zpex Smile,RT 0.3314812 <.0001* 
Zpex,24 HT Cercon®xt ,168 HT 0.3283145 <.0001* 
Zpex,24 HT Cercon®xt ,24 HT 0.3273812 <.0001* 
Zpex,24 HT Cercon®xt ,1 YR 0.3245804 <.0001* 
Zpex,24 HT Zpex Smile,1 YR 0.3235812 <.0001* 
Zpex,24 HT Zpex Smile,24 HT 0.3118836 <.0001* 
Zpex,24 HT 3YTZP,RT 0.3118147 <.0001* 
Zpex,24 HT 3YTZP,5 HT 0.2996482 <.0001* 
Zpex,24 HT 3YTZP,24 HT 0.2821145 <.0001* 




Zpex,168 HT Zpex,24 HT 0.2746395 <.0001* 
Zpex,24 HT 3YTZP,1 YR 0.2667847 <.0001* 
Zpex,24 HT Zpex,5 HT 0.2640180 <.0001* 
Zpex,24 HT Zpex,1 YR 0.2508425 <.0001* 
Zpex,1 YR Zpex Smile,168 HT 0.0816720 0.1014 
Zpex,1 YR Cercon®xt ,5 HT 0.0816720 0.1014 
Zpex,1 YR Zpex Smile,5 HT 0.0816720 0.1014 
Zpex,1 YR Cercon®xt ,RT 0.0809720 0.0831 
Zpex,1 YR Zpex Smile,RT 0.0806387 0.1057 
Zpex,1 YR Cercon®xt ,168 HT 0.0774720 0.1196 
Zpex,1 YR Cercon®xt ,24 HT 0.0765387 0.1240 
Zpex,1 YR Cercon®xt ,1 YR 0.0737379 0.1380 
Zpex,1 YR Zpex Smile,1 YR 0.0727387 0.1432 
3YTZP,168 HT Zpex,168 HT 0.0726225 0.1439 
Zpex,5 HT Zpex Smile,168 HT 0.0684966 0.1674 
Zpex,5 HT Cercon®xt ,5 HT 0.0684966 0.1674 
Zpex,5 HT Zpex Smile,5 HT 0.0684966 0.1674 
Zpex,5 HT Cercon®xt ,RT 0.0677966 0.1446 
Zpex,5 HT Zpex Smile,RT 0.0674632 0.1738 
3YTZP,1 YR Zpex Smile,168 HT 0.0657298 0.1849 
3YTZP,1 YR Cercon®xt ,5 HT 0.0657298 0.1849 
3YTZP,1 YR Zpex Smile,5 HT 0.0657298 0.1849 
3YTZP,1 YR Cercon®xt ,RT 0.0650298 0.1613 
3YTZP,1 YR Zpex Smile,RT 0.0646964 0.1917 
Zpex,5 HT Cercon®xt ,168 HT 0.0642966 0.1944 
Zpex,5 HT Cercon®xt ,24 HT 0.0633632 0.2008 
3YTZP,1 YR Cercon®xt ,168 HT 0.0615298 0.2139 
Zpex,1 YR Zpex Smile,24 HT 0.0610411 0.2175 
Zpex,1 YR 3YTZP,RT 0.0609721 0.2180 
3YTZP,1 YR Cercon®xt ,24 HT 0.0605964 0.2208 
Zpex,5 HT Cercon®xt ,1 YR 0.0605624 0.2211 
Zpex,5 HT Zpex Smile,1 YR 0.0595632 0.2287 
3YTZP,1 YR Cercon®xt ,1 YR 0.0577957 0.2425 
3YTZP,1 YR Zpex Smile,1 YR 0.0567964 0.2506 
Zpex,RT Zpex Smile,168 HT 0.0511010 0.3006 
Zpex,RT Cercon®xt ,5 HT 0.0511010 0.3006 
Zpex,RT Zpex Smile,5 HT 0.0511010 0.3006 
Zpex,RT Cercon®xt ,RT 0.0504010 0.2754 
3YTZP,24 HT Zpex Smile,168 HT 0.0504000 0.3072 




3YTZP,24 HT Zpex Smile,5 HT 0.0504000 0.3072 
Zpex,RT Zpex Smile,RT 0.0500677 0.3103 
3YTZP,24 HT Cercon®xt ,RT 0.0497000 0.2820 
3YTZP,24 HT Zpex Smile,RT 0.0493667 0.3171 
Zpex,1 YR 3YTZP,5 HT 0.0488057 0.3225 
Zpex,5 HT Zpex Smile,24 HT 0.0478656 0.3318 
Zpex,5 HT 3YTZP,RT 0.0477967 0.3325 
Zpex,RT Cercon®xt ,168 HT 0.0469010 0.3415 
3YTZP,24 HT Cercon®xt ,168 HT 0.0462000 0.3487 
Zpex,RT Cercon®xt ,24 HT 0.0459677 0.3511 
3YTZP,24 HT Cercon®xt ,24 HT 0.0452667 0.3584 
3YTZP,1 YR Zpex Smile,24 HT 0.0450989 0.3602 
3YTZP,1 YR 3YTZP,RT 0.0450299 0.3609 
Zpex,RT Cercon®xt ,1 YR 0.0431669 0.3810 
3YTZP,24 HT Cercon®xt ,1 YR 0.0424659 0.3887 
Zpex,RT Zpex Smile,1 YR 0.0421677 0.3920 
3YTZP,24 HT Zpex Smile,1 YR 0.0414667 0.3998 
Zpex,5 HT 3YTZP,5 HT 0.0356302 0.4689 
3YTZP,5 HT Zpex Smile,168 HT 0.0328663 0.5039 
3YTZP,5 HT Cercon®xt ,5 HT 0.0328663 0.5039 
3YTZP,5 HT Zpex Smile,5 HT 0.0328663 0.5039 
3YTZP,1 YR 3YTZP,5 HT 0.0328635 0.5039 
3YTZP,5 HT Cercon®xt ,RT 0.0321663 0.4845 
3YTZP,5 HT Zpex Smile,RT 0.0318330 0.5173 
Zpex,1 YR 3YTZP,24 HT 0.0312720 0.5247 
Zpex,1 YR Zpex,RT 0.0305710 0.5340 
Zpex,RT Zpex Smile,24 HT 0.0304701 0.5353 
Zpex,RT 3YTZP,RT 0.0304012 0.5362 
3YTZP,24 HT Zpex Smile,24 HT 0.0297691 0.5447 
3YTZP,24 HT 3YTZP,RT 0.0297001 0.5456 
3YTZP,5 HT Cercon®xt ,168 HT 0.0286663 0.5596 
3YTZP,5 HT Cercon®xt ,24 HT 0.0277330 0.5725 
3YTZP,5 HT Cercon®xt ,1 YR 0.0249322 0.6117 
3YTZP,5 HT Zpex Smile,1 YR 0.0239330 0.6260 
3YTZP,RT Zpex Smile,168 HT 0.0206999 0.6733 
3YTZP,RT Cercon®xt ,5 HT 0.0206999 0.6733 
3YTZP,RT Zpex Smile,5 HT 0.0206999 0.6733 
Zpex Smile,24 HT Zpex Smile,168 HT 0.0206309 0.6743 
Zpex Smile,24 HT Cercon®xt ,5 HT 0.0206309 0.6743 




3YTZP,RT Cercon®xt ,RT 0.0199999 0.6632 
Zpex Smile,24 HT Cercon®xt ,RT 0.0199309 0.6643 
3YTZP,RT Zpex Smile,RT 0.0196665 0.6887 
Zpex Smile,24 HT Zpex Smile,RT 0.0195976 0.6897 
Zpex,RT 3YTZP,5 HT 0.0182347 0.7102 
Zpex,5 HT 3YTZP,24 HT 0.0180966 0.7123 
3YTZP,24 HT 3YTZP,5 HT 0.0175337 0.7209 
Zpex,5 HT Zpex,RT 0.0173955 0.7230 
3YTZP,RT Cercon®xt ,168 HT 0.0164999 0.7367 
Zpex Smile,24 HT Cercon®xt ,168 HT 0.0164309 0.7377 
Zpex,1 YR 3YTZP,1 YR 0.0159422 0.7453 
3YTZP,RT Cercon®xt ,24 HT 0.0155665 0.7511 
Zpex Smile,24 HT Cercon®xt ,24 HT 0.0154976 0.7521 
3YTZP,1 YR 3YTZP,24 HT 0.0153298 0.7547 
3YTZP,1 YR Zpex,RT 0.0146287 0.7656 
Zpex,1 YR Zpex,5 HT 0.0131754 0.7883 
3YTZP,RT Cercon®xt ,1 YR 0.0127657 0.7947 
Zpex Smile,24 HT Cercon®xt ,1 YR 0.0126968 0.7958 
3YTZP,5 HT Zpex Smile,24 HT 0.0122354 0.8030 
3YTZP,5 HT 3YTZP,RT 0.0121665 0.8041 
3YTZP,RT Zpex Smile,1 YR 0.0117665 0.8104 
Zpex Smile,24 HT Zpex Smile,1 YR 0.0116976 0.8115 
Zpex Smile,1 YR Zpex Smile,168 HT 0.0089333 0.8555 
Zpex Smile,1 YR Cercon®xt ,5 HT 0.0089333 0.8555 
Zpex Smile,1 YR Zpex Smile,5 HT 0.0089333 0.8555 
Zpex Smile,1 YR Cercon®xt ,RT 0.0082333 0.8576 
Cercon®xt ,1 YR Zpex Smile,168 HT 0.0079341 0.8715 
Cercon®xt ,1 YR Cercon®xt ,5 HT 0.0079341 0.8715 
Cercon®xt ,1 YR Zpex Smile,5 HT 0.0079341 0.8715 
Zpex Smile,1 YR Zpex Smile,RT 0.0079000 0.8720 
Cercon®xt ,1 YR Cercon®xt ,RT 0.0072341 0.8747 
Cercon®xt ,1 YR Zpex Smile,RT 0.0069008 0.8881 
Cercon®xt ,24 HT Zpex Smile,168 HT 0.0051333 0.9166 
Cercon®xt ,24 HT Cercon®xt ,5 HT 0.0051333 0.9166 
Cercon®xt ,24 HT Zpex Smile,5 HT 0.0051333 0.9166 
Zpex Smile,1 YR Cercon®xt ,168 HT 0.0047333 0.9231 
Cercon®xt ,24 HT Cercon®xt ,RT 0.0044333 0.9230 
Cercon®xt ,168 HT Zpex Smile,168 HT 0.0042000 0.9317 
Cercon®xt ,168 HT Cercon®xt ,5 HT 0.0042000 0.9317 




Cercon®xt ,24 HT Zpex Smile,RT 0.0041000 0.9334 
Zpex Smile,1 YR Cercon®xt ,24 HT 0.0038000 0.9382 
Cercon®xt ,1 YR Cercon®xt ,168 HT 0.0037341 0.9393 
Cercon®xt ,168 HT Cercon®xt ,RT 0.0035000 0.9392 
Cercon®xt ,168 HT Zpex Smile,RT 0.0031667 0.9485 
Cercon®xt ,1 YR Cercon®xt ,24 HT 0.0028008 0.9545 
Zpex,5 HT 3YTZP,1 YR 0.0027668 0.9550 
Zpex Smile,RT Zpex Smile,168 HT 0.0010333 0.9832 
Zpex Smile,RT Cercon®xt ,5 HT 0.0010333 0.9832 
Zpex Smile,RT Zpex Smile,5 HT 0.0010333 0.9832 
Zpex Smile,1 YR Cercon®xt ,1 YR 0.0009992 0.9837 
Cercon®xt ,24 HT Cercon®xt ,168 HT 0.0009333 0.9848 
Zpex,RT 3YTZP,24 HT 0.0007010 0.9886 
Cercon®xt ,RT Zpex Smile,168 HT 0.0007000 0.9878 
Cercon®xt ,RT Cercon®xt ,5 HT 0.0007000 0.9878 
Cercon®xt ,RT Zpex Smile,5 HT 0.0007000 0.9878 
Zpex Smile,RT Cercon®xt ,RT 0.0003333 0.9942 
3YTZP,RT Zpex Smile,24 HT 0.0000690 0.9989 
Zpex Smile,5 HT Zpex Smile,168 HT 9.714e-17 1.0000 
Cercon®xt ,5 HT Zpex Smile,168 HT 8.327e-17 1.0000 
Zpex Smile,5 HT Cercon®xt ,5 HT 1.388e-17 1.0000 
 
Table A 33: Level of significance of the fraction of tetragonal phase of all materials 
combined groups 
Level - Level Difference p-Value 
Zpex Zpex Smile 0.3296018 <.0001* 
3YTZP Zpex Smile 0.3109635 <.0001* 
Zpex CerconXT 0.2584772 <.0001* 
3YTZP CerconXT 0.2398389 <.0001* 
CerconXT Zpex Smile 0.0711246 0.0731 
Zpex 3YTZP 0.0186383 0.9178 
 
Table A 34: Level of significance of the surface treatments effect on the fraction of 
tetragonal phase of all materials combined groups 
Level - Level Difference p-Value 
Control Grinding 0.3435953 <.0001* 
Control Sandblasting 0.3378417 <.0001* 






Table A 35: Level of significance of Surface treatments effect on the fraction of 
tetragonal phase of all materials combined groups 
Level - Level Difference p-Value 
RT 168 HT 0.2093855 <.0001* 
5 HT 168 HT 0.1774492 <.0001* 
RT 24 HT 0.1539332 <.0001* 
5 HT 24 HT 0.1219969 0.0025* 
1 YR 168 HT 0.1097692 0.0087* 
RT 1 YR 0.0996163 0.0194* 
5 HT 1 YR 0.0676799 0.2378 
24 HT 168 HT 0.0554523 0.4385 
1 YR 24 HT 0.0543169 0.4600 
RT 5 HT 0.0319363 0.8577 
 
Table A 36: Level of significance of the effect of surface treatments on tetragonal 
phase of all material groups 





Cercon®xt, Control Cercon®xt, Grinding 0.7167838 0.0505989 <.0001* 
Cercon®xt, Control Zpex Smile, Grinding 0.6927105 0.0505989 <.0001* 
Cercon®xt, Control Zpex Smile, Sandblasting 0.6798705 0.0505989 <.0001* 
Cercon®xt, Control Cercon®xt, Sandblasting 0.6012519 0.0498907 <.0001* 
Zpex, Control Cercon®xt, Grinding 0.5914954 0.0505989 <.0001* 
3YTZP, Control Cercon®xt, Grinding 0.5792939 0.0505989 <.0001* 
Zpex, Control Zpex Smile, Grinding 0.5674221 0.0505989 <.0001* 
Zpex Smile, Control Cercon®xt, Grinding 0.5579552 0.0505989 <.0001* 
Zpex, Grinding Cercon®xt, Grinding 0.5573904 0.0493787 <.0001* 
3YTZP, Control Zpex Smile, Grinding 0.5552206 0.0505989 <.0001* 
Zpex, Control Zpex Smile, Sandblasting 0.5545822 0.0505989 <.0001* 
3YTZP, Control Zpex Smile, Sandblasting 0.5423806 0.0505989 <.0001* 
Zpex Smile, Control Zpex Smile, Grinding 0.5338819 0.0505989 <.0001* 
Zpex, Grinding Zpex Smile, Grinding 0.5333171 0.0493787 <.0001* 
Zpex Smile, Control Zpex Smile, Sandblasting 0.5210420 0.0505989 <.0001* 
Zpex, Grinding Zpex Smile, Sandblasting 0.5204772 0.0493787 <.0001* 
3YTZP, Grinding Cercon®xt, Grinding 0.4896836 0.0505989 <.0001* 
3YTZP, Sandblasting Cercon®xt, Grinding 0.4828550 0.0505989 <.0001* 




3YTZP, Grinding Zpex Smile, Grinding 0.4656103 0.0505989 <.0001* 
3YTZP, Control Cercon®xt, Sandblasting 0.4637620 0.0498907 <.0001* 
Zpex, Sandblasting Cercon®xt, Grinding 0.4588613 0.0505989 <.0001* 
3YTZP, Sandblasting Zpex Smile, Grinding 0.4587817 0.0505989 <.0001* 
3YTZP, Grinding Zpex Smile, Sandblasting 0.4527703 0.0505989 <.0001* 
3YTZP, Sandblasting Zpex Smile, Sandblasting 0.4459417 0.0505989 <.0001* 
Zpex Smile, Control Cercon®xt, Sandblasting 0.4424233 0.0498907 <.0001* 
Zpex, Grinding Cercon®xt, Sandblasting 0.4418585 0.0486992 <.0001* 
Zpex, Sandblasting Zpex Smile, Grinding 0.4347880 0.0505989 <.0001* 
Zpex, Sandblasting Zpex Smile, Sandblasting 0.4219481 0.0505989 <.0001* 
3YTZP, Grinding Cercon®xt, Sandblasting 0.3741517 0.0498907 <.0001* 
3YTZP, Sandblasting Cercon®xt, Sandblasting 0.3673231 0.0498907 <.0001* 
Zpex, Sandblasting Cercon®xt, Sandblasting 0.3433294 0.0498907 <.0001* 
Cercon®xt, Control Zpex, Sandblasting 0.2579225 0.0505989 <.0001* 
Cercon®xt, Control 3YTZP, Sandblasting 0.2339288 0.0505989 0.0005* 
Cercon®xt, Control 3YTZP, Grinding 0.2271002 0.0505989 0.0009* 
Cercon®xt, Control Zpex, Grinding 0.1593933 0.0493787 0.0652 
Cercon®xt, Control Zpex Smile, Control 0.1588285 0.0505989 0.0832 
Cercon®xt, Control 3YTZP, Control 0.1374899 0.0505989 0.2285 
Zpex, Control Zpex, Sandblasting 0.1326341 0.0505989 0.2777 
Cercon®xt, Control Zpex, Control 0.1252883 0.0505989 0.3633 
3YTZP, Control Zpex, Sandblasting 0.1204326 0.0505989 0.4261 
Cercon®xt, 
Sandblasting Cercon®xt, Grinding 0.1155319 0.0498907 0.4704 
Zpex, Control 3YTZP, Sandblasting 0.1086405 0.0505989 0.5902 
Zpex, Control 3YTZP, Grinding 0.1018119 0.0505989 0.6845 
Zpex Smile, Control Zpex, Sandblasting 0.0990939 0.0505989 0.7202 
Zpex, Grinding Zpex, Sandblasting 0.0985291 0.0493787 0.6958 
3YTZP, Control 3YTZP, Sandblasting 0.0964389 0.0505989 0.7537 
Cercon®xt , 
Sandblasting Zpex Smile, Grinding 0.0914586 0.0498907 0.7970 




Sandblasting 0.0786186 0.0498907 0.9151 
Zpex Smile, Control 3YTZP, Sandblasting 0.0751003 0.0505989 0.9427 




Zpex Smile, Control 3YTZP, Grinding 0.0682717 0.0505989 0.9709 
Zpex, Grinding 3YTZP, Grinding 0.0677069 0.0493787 0.9672 
Zpex Smile, 
Sandblasting Cercon®xt, Grinding 0.0369133 0.0505989 0.9999 
Zpex, Control Zpex, Grinding 0.0341050 0.0493787 0.9999 
Zpex, Control Zpex Smile, Control 0.0335402 0.0505989 1.0000 
3YTZP, Grinding Zpex, Sandblasting 0.0308223 0.0505989 1.0000 
Zpex Smile, Grinding Cercon®xt, Grinding 0.0240733 0.0505989 1.0000 
3YTZP, Sandblasting Zpex, Sandblasting 0.0239936 0.0505989 1.0000 
3YTZP, Control Zpex, Grinding 0.0219035 0.0493787 1.0000 
3YTZP, Control Zpex Smile, Control 0.0213387 0.0505989 1.0000 
Zpex Smile, 
Sandblasting Zpex Smile, Grinding 0.0128400 0.0505989 1.0000 
Zpex, Control 3YTZP, Control 0.0122015 0.0505989 1.0000 
3YTZP, Grinding 3YTZP, Sandblasting 0.0068286 0.0505989 1.0000 
Zpex Smile, Control Zpex, Grinding 0.0005648 0.0493787 1.0000 
 
Table A 37: Level of significance of the effect of surface treatments and the fraction 
of tetragonal phase of all material as sintered groups 
Level - Level Difference p-Value 
Zpex,Control Zpex Smile,Grinding 0.8443976 <.0001* 
3YTZP,Control Zpex Smile,Grinding 0.8103332 <.0001* 
Zpex,Control Cercon®xt ,Grinding 0.7789670 <.0001* 
3YTZP,Control Cercon®xt ,Grinding 0.7449026 <.0001* 
Zpex,Sandblasting Zpex Smile,Grinding 0.6896288 <.0001* 
Zpex,Control Cercon®xt ,Sandblasting 0.6852386 <.0001* 
3YTZP,Sandblasting Zpex Smile,Grinding 0.6847457 <.0001* 
Zpex,Control Zpex Smile,Sandblasting 0.6570293 <.0001* 
3YTZP,Control Cercon®xt ,Sandblasting 0.6511742 <.0001* 
Cercon®xt,Control Zpex Smile,Grinding 0.6318088 <.0001* 
Zpex,Sandblasting Cercon®xt ,Grinding 0.6241983 <.0001* 
3YTZP,Control Zpex Smile,Sandblasting 0.6229649 <.0001* 
3YTZP,Sandblasting Cercon®xt ,Grinding 0.6193151 <.0001* 
Zpex,Grinding Zpex Smile,Grinding 0.5726740 <.0001* 
Cercon®xt ,Control Cercon®xt ,Grinding 0.5663782 <.0001* 
Zpex Smile,Control Zpex Smile,Grinding 0.5599375 <.0001* 
Zpex,Sandblasting Cercon®xt ,Sandblasting 0.5304698 <.0001* 
3YTZP,Sandblasting Cercon®xt ,Sandblasting 0.5255867 <.0001* 
Zpex,Grinding Cercon®xt ,Grinding 0.5072435 <.0001* 
Zpex,Sandblasting Zpex Smile,Sandblasting 0.5022605 <.0001* 
3YTZP,Sandblasting Zpex Smile,Sandblasting 0.4973774 <.0001* 




3YTZP,Grinding Zpex Smile,Grinding 0.4877264 <.0001* 
Cercon®xt ,Control Cercon®xt ,Sandblasting 0.4726498 <.0001* 
Cercon®xt ,Control Zpex Smile,Sandblasting 0.4444405 <.0001* 
3YTZP,Grinding Cercon®xt ,Grinding 0.4222959 0.0001* 
Zpex,Grinding Cercon®xt ,Sandblasting 0.4135150 <.0001* 
Zpex Smile,Control Cercon®xt ,Sandblasting 0.4007785 0.0002* 
Zpex,Grinding Zpex Smile,Sandblasting 0.3853057 <.0001* 
Zpex Smile,Control Zpex Smile,Sandblasting 0.3725692 0.0005* 
Zpex,Control 3YTZP,Grinding 0.3566711 0.0008* 
3YTZP,Grinding Cercon®xt ,Sandblasting 0.3285675 0.0017* 
3YTZP,Control 3YTZP,Grinding 0.3226067 0.0020* 
3YTZP,Grinding Zpex Smile,Sandblasting 0.3003581 0.0036* 
Zpex,Control Zpex Smile,Control 0.2844601 0.0054* 
Zpex,Control Zpex,Grinding 0.2717235 0.0033* 
3YTZP,Control Zpex Smile,Control 0.2503957 0.0129* 
3YTZP,Control Zpex,Grinding 0.2376591 0.0088* 
Zpex,Control Cercon®xt ,Control 0.2125888 0.0320* 
Zpex,Sandblasting 3YTZP,Grinding 0.2019024 0.0408* 
3YTZP,Sandblasting 3YTZP,Grinding 0.1970192 0.0456* 
Zpex Smile,Sandblasting Zpex Smile,Grinding 0.1873683 0.0564 
3YTZP,Control Cercon®xt ,Control 0.1785244 0.0682 
Zpex,Control 3YTZP,Sandblasting 0.1596519 0.1007 
Cercon®xt,Sandblasting Zpex Smile,Grinding 0.1591590 0.1017 
Zpex,Control Zpex,Sandblasting 0.1547688 0.1110 
Cercon®xt ,Control 3YTZP,Grinding 0.1440823 0.1367 
Zpex,Sandblasting Zpex Smile,Control 0.1296913 0.1786 
3YTZP,Control 3YTZP,Sandblasting 0.1255875 0.1923 
3YTZP,Sandblasting Zpex Smile,Control 0.1248082 0.1950 
Zpex Smile,Sandblasting Cercon®xt ,Grinding 0.1219377 0.2051 
3YTZP,Control Zpex,Sandblasting 0.1207043 0.2096 
Zpex,Sandblasting Zpex,Grinding 0.1169548 0.1752 
3YTZP,Sandblasting Zpex,Grinding 0.1120716 0.1933 
Cercon®xt ,Sandblasting Cercon®xt ,Grinding 0.0937284 0.3270 
Zpex,Grinding 3YTZP,Grinding 0.0849476 0.3207 
Zpex Smile,Control 3YTZP,Grinding 0.0722110 0.4484 
Cercon®xt ,Control Zpex Smile,Control 0.0718713 0.4505 
Cercon®xt ,Grinding Zpex Smile,Grinding 0.0654306 0.4917 
Cercon®xt ,Control Zpex,Grinding 0.0591348 0.4872 
Zpex,Sandblasting Cercon®xt ,Control 0.0578200 0.5430 




Zpex,Control 3YTZP,Control 0.0340644 0.7195 
Zpex Smile,Sandblasting Cercon®xt ,Sandblasting 0.0282093 0.7660 
Zpex,Grinding Zpex Smile,Control 0.0127365 0.8805 
Zpex,Sandblasting 3YTZP,Sandblasting 0.0048831 0.9589 
 
Table A 38: Level of significance of aging process effect on tetragonal phase of all 
materials groups 
Level - Level Difference Std Err Dif p-Value 
Zpex,5 HT Zpex Smile, 1 YR 0.5499596 0.0653229 <.0001* 
Zpex,5 HT Zpex Smile,24 HT 0.5471676 0.0653229 <.0001* 
Zpex,RT Zpex Smile,1 YR 0.5329597 0.0626755 <.0001* 
Zpex,RT Zpex Smile,24 HT 0.5301676 0.0626755 <.0001* 
3YTZP,5 HT Zpex Smile,1 YR 0.5205480 0.0653229 <.0001* 
3YTZP,5 HT Zpex Smile,24 HT 0.5177560 0.0653229 <.0001* 
Zpex,5 HT 3YTZP,168 HT 0.5156985 0.0653229 <.0001* 
Zpex,5 HT Zpex Smile,5 HT 0.5154239 0.0653229 <.0001* 
3YTZP,RT Zpex Smile,1 YR 0.5026089 0.0653229 <.0001* 
3YTZP,RT Zpex Smile,24 HT 0.4998168 0.0653229 <.0001* 
Zpex,RT 3YTZP,168 HT 0.4986985 0.0626755 <.0001* 
Zpex,RT Zpex Smile,5 HT 0.4984240 0.0626755 <.0001* 
Zpex,5 HT Cercon®xt ,5 HT 0.4939764 0.0653229 <.0001* 
3YTZP,5 HT 3YTZP,168 HT 0.4862868 0.0653229 <.0001* 
3YTZP,5 HT Zpex Smile,5 HT 0.4860123 0.0653229 <.0001* 
Zpex,5 HT Cercon®xt ,24 HT 0.4791541 0.0653229 <.0001* 
Zpex,RT Cercon®xt ,5 HT 0.4769765 0.0626755 <.0001* 
3YTZP,RT 3YTZP,168 HT 0.4683477 0.0653229 <.0001* 
3YTZP,RT Zpex Smile,5 HT 0.4680732 0.0653229 <.0001* 
3YTZP,5 HT Cercon®xt ,5 HT 0.4645648 0.0653229 <.0001* 
Zpex,RT Cercon®xt ,24 HT 0.4621542 0.0626755 <.0001* 
Zpex,5 HT Zpex Smile,RT 0.4591839 0.0653229 <.0001* 
Zpex,5 HT Zpex Smile,168 HT 0.4515819 0.0653229 <.0001* 
3YTZP,5 HT Cercon®xt ,24 HT 0.4497425 0.0653229 <.0001* 
3YTZP,RT Cercon®xt ,5 HT 0.4466257 0.0653229 <.0001* 
Zpex,5 HT Cercon®xt ,1 YR 0.4463761 0.0653229 <.0001* 
Zpex,RT Zpex Smile,RT 0.4421840 0.0626755 <.0001* 
Zpex,RT Zpex Smile,168 HT 0.4345820 0.0626755 <.0001* 
3YTZP,RT Cercon®xt ,24 HT 0.4318033 0.0653229 <.0001* 
3YTZP,5 HT Zpex Smile,RT 0.4297723 0.0653229 <.0001* 
Zpex,RT Cercon®xt ,1 YR 0.4293762 0.0626755 <.0001* 
Zpex,1 YR Zpex Smile,1 YR 0.4238245 0.0653229 <.0001* 
3YTZP,5 HT Zpex Smile,168 HT 0.4221703 0.0653229 <.0001* 
Zpex,1 YR Zpex Smile,24 HT 0.4210325 0.0653229 <.0001* 
Zpex,5 HT Zpex,168 HT 0.4206729 0.0653229 <.0001* 




3YTZP,RT Zpex Smile,RT 0.4118332 0.0653229 <.0001* 
3YTZP,RT Zpex Smile,168 HT 0.4042312 0.0653229 <.0001* 
Zpex,RT Zpex,168 HT 0.4036730 0.0626755 <.0001* 
3YTZP,RT Cercon®xt ,1 YR 0.3990254 0.0653229 <.0001* 
3YTZP,5 HT Zpex,168 HT 0.3912613 0.0653229 <.0001* 
Zpex,1 YR 3YTZP,168 HT 0.3895634 0.0653229 <.0001* 
Zpex,1 YR Zpex Smile,5 HT 0.3892888 0.0653229 <.0001* 
Zpex,5 HT Cercon®xt ,RT 0.3875320 0.0637919 <.0001* 
3YTZP,RT Zpex,168 HT 0.3733222 0.0653229 <.0001* 
Zpex,RT Cercon®xt ,RT 0.3705320 0.0611809 <.0001* 
Zpex,1 YR Cercon®xt ,5 HT 0.3678413 0.0653229 <.0001* 
3YTZP,1 YR Zpex Smile,1 YR 0.3628988 0.0653229 <.0001* 
3YTZP,24 HT Zpex Smile,1 YR 0.3609820 0.0653229 <.0001* 
Zpex,5 HT Cercon®xt ,168 HT 0.3606553 0.0653229 <.0001* 
3YTZP,1 YR Zpex Smile,24 HT 0.3601067 0.0653229 <.0001* 
3YTZP,24 HT Zpex Smile,24 HT 0.3581899 0.0653229 <.0001* 
3YTZP,5 HT Cercon®xt ,RT 0.3581204 0.0637919 <.0001* 
Zpex,1 YR Cercon®xt ,24 HT 0.3530190 0.0653229 <.0001* 
Zpex,RT Cercon®xt ,168 HT 0.3436554 0.0626755 <.0001* 
3YTZP,RT Cercon®xt ,RT 0.3401812 0.0637919 <.0001* 
Zpex,1 YR Zpex Smile,RT 0.3330488 0.0653229 0.0002* 
3YTZP,5 HT Cercon®xt ,168 HT 0.3312437 0.0653229 0.0002* 
3YTZP,1 YR 3YTZP,168 HT 0.3286376 0.0653229 0.0002* 
3YTZP,1 YR Zpex Smile,5 HT 0.3283631 0.0653229 0.0002* 
3YTZP,24 HT 3YTZP,168 HT 0.3267208 0.0653229 0.0003* 
3YTZP,24 HT Zpex Smile,5 HT 0.3264463 0.0653229 0.0003* 
Zpex,1 YR Zpex Smile,168 HT 0.3254469 0.0653229 0.0003* 
Zpex,1 YR Cercon®xt ,1 YR 0.3202410 0.0653229 0.0004* 
3YTZP,RT Cercon®xt ,168 HT 0.3133045 0.0653229 0.0007* 
Zpex,5 HT Zpex,24 HT 0.3115001 0.0653229 0.0007* 
3YTZP,1 YR Cercon®xt ,5 HT 0.3069156 0.0653229 0.0010* 
3YTZP,24 HT Cercon®xt ,5 HT 0.3049988 0.0653229 0.0011* 
Zpex,1 YR Zpex,168 HT 0.2945378 0.0653229 0.0021* 
Zpex,RT Zpex,24 HT 0.2945002 0.0626755 0.0010* 
3YTZP,1 YR Cercon®xt ,24 HT 0.2920933 0.0653229 0.0025* 
3YTZP,24 HT Cercon®xt ,24 HT 0.2901764 0.0653229 0.0028* 
3YTZP,5 HT Zpex,24 HT 0.2820885 0.0653229 0.0044* 
3YTZP,1 YR Zpex Smile,RT 0.2721231 0.0653229 0.0078* 
3YTZP,24 HT Zpex Smile,RT 0.2702063 0.0653229 0.0087* 
3YTZP,1 YR Zpex Smile,168 HT 0.2645211 0.0653229 0.0118* 
3YTZP,RT Zpex,24 HT 0.2641494 0.0653229 0.0121* 
3YTZP,24 HT Zpex Smile,168 HT 0.2626043 0.0653229 0.0131* 
Zpex,1 YR Cercon®xt ,RT 0.2613969 0.0637919 0.0100* 
3YTZP,1 YR Cercon®xt ,1 YR 0.2593153 0.0653229 0.0156* 




Zpex,24 HT Zpex Smile,1 YR 0.2384595 0.0653229 0.0441* 
Zpex,24 HT Zpex Smile,24 HT 0.2356675 0.0653229 0.0503 
Zpex,1 YR Cercon®xt ,168 HT 0.2345202 0.0653229 0.0530 
3YTZP,1 YR Zpex,168 HT 0.2336121 0.0653229 0.0553 
3YTZP,24 HT Zpex,168 HT 0.2316953 0.0653229 0.0603 
Zpex,24 HT 3YTZP,168 HT 0.2041984 0.0653229 0.1851 
Zpex,24 HT Zpex Smile,5 HT 0.2039238 0.0653229 0.1870 
3YTZP,1 YR Cercon®xt ,RT 0.2004711 0.0637919 0.1780 
3YTZP,24 HT Cercon®xt ,RT 0.1985543 0.0637919 0.1911 
Cercon®xt ,168 HT Zpex Smile,1 YR 0.1893043 0.0653229 0.3043 
Zpex,5 HT 3YTZP,24 HT 0.1889777 0.0653229 0.3073 
Zpex,5 HT 3YTZP,1 YR 0.1870609 0.0653229 0.3255 
Cercon®xt ,168 HT Zpex Smile,24 HT 0.1865123 0.0653229 0.3308 
Zpex,1 YR Zpex,24 HT 0.1853650 0.0653229 0.3421 
Zpex,24 HT Cercon®xt ,5 HT 0.1824763 0.0653229 0.3713 
3YTZP,1 YR Cercon®xt ,168 HT 0.1735944 0.0653229 0.4675 
Zpex,RT 3YTZP,24 HT 0.1719777 0.0626755 0.4053 
3YTZP,24 HT Cercon®xt ,168 HT 0.1716776 0.0653229 0.4893 
Zpex,RT 3YTZP,1 YR 0.1700609 0.0626755 0.4270 
Zpex,24 HT Cercon®xt ,24 HT 0.1676540 0.0653229 0.5355 
Cercon®xt ,RT Zpex Smile,1 YR 0.1624277 0.0637919 0.5509 
Cercon®xt ,RT Zpex Smile,24 HT 0.1596356 0.0637919 0.5840 
3YTZP,5 HT 3YTZP,24 HT 0.1595660 0.0653229 0.6289 
3YTZP,5 HT 3YTZP,1 YR 0.1576492 0.0653229 0.6506 
Cercon®xt ,168 HT 3YTZP,168 HT 0.1550432 0.0653229 0.6797 
Cercon®xt ,168 HT Zpex Smile,5 HT 0.1547686 0.0653229 0.6827 
Zpex,24 HT Zpex Smile,RT 0.1476838 0.0653229 0.7574 
3YTZP,RT 3YTZP,24 HT 0.1416269 0.0653229 0.8144 
Zpex,24 HT Zpex Smile,168 HT 0.1400818 0.0653229 0.8278 
3YTZP,RT 3YTZP,1 YR 0.1397101 0.0653229 0.8309 
Zpex,24 HT Cercon®xt ,1 YR 0.1348760 0.0653229 0.8688 
Cercon®xt ,168 HT Cercon®xt ,5 HT 0.1333211 0.0653229 0.8798 
Zpex,168 HT Zpex Smile,1 YR 0.1292867 0.0653229 0.9056 
Cercon®xt ,RT 3YTZP,168 HT 0.1281665 0.0637919 0.8936 
Cercon®xt ,RT Zpex Smile,5 HT 0.1278920 0.0637919 0.8954 
Zpex,168 HT Zpex Smile,24 HT 0.1264947 0.0653229 0.9212 
Zpex,5 HT Zpex,1 YR 0.1261351 0.0653229 0.9230 
3YTZP,1 YR Zpex,24 HT 0.1244393 0.0653229 0.9315 
3YTZP,24 HT Zpex,24 HT 0.1225225 0.0653229 0.9402 
Cercon®xt ,168 HT Cercon®xt ,24 HT 0.1184988 0.0653229 0.9559 
Zpex,24 HT Zpex,168 HT 0.1091728 0.0653229 0.9804 
Zpex,RT Zpex,1 YR 0.1091352 0.0626755 0.9703 
Cercon®xt ,RT Cercon®xt ,5 HT 0.1064444 0.0637919 0.9808 
Cercon®xt ,1 YR Zpex Smile,1 YR 0.1035835 0.0653229 0.9889 




Cercon®xt ,168 HT Zpex Smile,RT 0.0985286 0.0653229 0.9937 
Zpex Smile,168 HT Zpex Smile,1 YR 0.0983777 0.0653229 0.9938 
3YTZP,5 HT Zpex,1 YR 0.0967235 0.0653229 0.9950 
Zpex Smile,168 HT Zpex Smile,24 HT 0.0955856 0.0653229 0.9956 
Zpex,168 HT 3YTZP,168 HT 0.0950256 0.0653229 0.9959 
Zpex,168 HT Zpex Smile,5 HT 0.0947510 0.0653229 0.9961 
Cercon®xt ,RT Cercon®xt ,24 HT 0.0916221 0.0637919 0.9965 
Cercon®xt ,168 HT Zpex Smile,168 HT 0.0909267 0.0653229 0.9976 
Zpex Smile,RT Zpex Smile,1 YR 0.0907757 0.0653229 0.9977 
Zpex Smile,RT Zpex Smile,24 HT 0.0879837 0.0653229 0.9985 
Cercon®xt ,168 HT Cercon®xt ,1 YR 0.0857208 0.0653229 0.9989 
3YTZP,RT Zpex,1 YR 0.0787843 0.0653229 0.9997 
Zpex,24 HT Cercon®xt ,RT 0.0760319 0.0637919 0.9997 
Zpex,168 HT Cercon®xt ,5 HT 0.0733035 0.0653229 0.9999 
Cercon®xt ,RT Zpex Smile,RT 0.0716519 0.0637919 0.9999 
Cercon®xt ,24 HT Zpex Smile,1 YR 0.0708055 0.0653229 0.9999 
Cercon®xt ,1 YR 3YTZP,168 HT 0.0693223 0.0653229 0.9999 
Cercon®xt ,1 YR Zpex Smile,5 HT 0.0690478 0.0653229 0.9999 
Cercon®xt ,24 HT Zpex Smile,24 HT 0.0680135 0.0653229 1.0000 
Zpex Smile,168 HT 3YTZP,168 HT 0.0641165 0.0653229 1.0000 
Cercon®xt ,RT Zpex Smile,168 HT 0.0640500 0.0637919 1.0000 
Zpex Smile,168 HT Zpex Smile,5 HT 0.0638420 0.0653229 1.0000 
Zpex,1 YR 3YTZP,24 HT 0.0628426 0.0653229 1.0000 
Zpex,1 YR 3YTZP,1 YR 0.0609258 0.0653229 1.0000 
Cercon®xt ,168 HT Zpex,168 HT 0.0600176 0.0653229 1.0000 
Cercon®xt ,RT Cercon®xt ,1 YR 0.0588441 0.0637919 1.0000 
Zpex,168 HT Cercon®xt ,24 HT 0.0584812 0.0653229 1.0000 
Zpex Smile,RT 3YTZP,168 HT 0.0565145 0.0653229 1.0000 
Zpex Smile,RT Zpex Smile,5 HT 0.0562400 0.0653229 1.0000 
Cercon®xt ,5 HT Zpex Smile,1 YR 0.0559832 0.0653229 1.0000 
Cercon®xt ,5 HT Zpex Smile,24 HT 0.0531912 0.0653229 1.0000 
Zpex,24 HT Cercon®xt ,168 HT 0.0491552 0.0653229 1.0000 
Cercon®xt ,1 YR Cercon®xt ,5 HT 0.0476003 0.0653229 1.0000 
Zpex,5 HT 3YTZP,RT 0.0473508 0.0653229 1.0000 
Zpex Smile,168 HT Cercon®xt ,5 HT 0.0423945 0.0653229 1.0000 
Zpex,168 HT Zpex Smile,RT 0.0385110 0.0653229 1.0000 
Cercon®xt ,24 HT 3YTZP,168 HT 0.0365444 0.0653229 1.0000 
Cercon®xt ,24 HT Zpex Smile,5 HT 0.0362698 0.0653229 1.0000 
Zpex Smile,RT Cercon®xt ,5 HT 0.0347925 0.0653229 1.0000 
Zpex Smile,5 HT Zpex Smile,1 YR 0.0345357 0.0653229 1.0000 
3YTZP,168 HT Zpex Smile,1 YR 0.0342612 0.0653229 1.0000 
Cercon®xt ,RT Zpex,168 HT 0.0331409 0.0637919 1.0000 
Cercon®xt ,1 YR Cercon®xt ,24 HT 0.0327780 0.0653229 1.0000 
Zpex Smile,5 HT Zpex Smile,24 HT 0.0317437 0.0653229 1.0000 




Zpex,168 HT Zpex Smile,168 HT 0.0309090 0.0653229 1.0000 
Zpex,RT 3YTZP,RT 0.0303508 0.0626755 1.0000 
Zpex,5 HT 3YTZP,5 HT 0.0294116 0.0653229 1.0000 
Zpex Smile,168 HT Cercon®xt ,24 HT 0.0275722 0.0653229 1.0000 
Cercon®xt ,168 HT Cercon®xt ,RT 0.0268767 0.0637919 1.0000 
Zpex,168 HT Cercon®xt ,1 YR 0.0257032 0.0653229 1.0000 
Cercon®xt ,5 HT 3YTZP,168 HT 0.0217220 0.0653229 1.0000 
Cercon®xt ,5 HT Zpex Smile,5 HT 0.0214475 0.0653229 1.0000 
Zpex Smile,RT Cercon®xt ,24 HT 0.0199702 0.0653229 1.0000 
3YTZP,5 HT 3YTZP,RT 0.0179391 0.0653229 1.0000 
Zpex,5 HT Zpex,RT 0.0169999 0.0626755 1.0000 
Cercon®xt ,24 HT Cercon®xt ,5 HT 0.0148223 0.0653229 1.0000 
Cercon®xt ,1 YR Zpex Smile,RT 0.0128078 0.0653229 1.0000 
Zpex,RT 3YTZP,5 HT 0.0124117 0.0626755 1.0000 
Zpex Smile,168 HT Zpex Smile,RT 0.0076020 0.0653229 1.0000 
Cercon®xt ,1 YR Zpex Smile,168 HT 0.0052058 0.0653229 1.0000 
Zpex Smile,24 HT Zpex Smile,1 YR 0.0027920 0.0653229 1.0000 
3YTZP,1 YR 3YTZP,24 HT 0.0019168 0.0653229 1.0000 
Zpex Smile,5 HT 3YTZP,168 HT 0.0002745 0.0653229 1.0000 
 
Table A 39: Level of significance of aging process and the fraction of tetragonal 
phase of all materials as sintered groups 
Level - Level Difference p-Value 
Zpex,RT 3YTZP,168 HT 0.7606290 <.0001* 
Zpex,5 HT 3YTZP,168 HT 0.7405509 <.0001* 
Zpex,RT Zpex,168 HT 0.7371610 <.0001* 
3YTZP, RT 3YTZP,168 HT 0.7265646 <.0001* 
Zpex, 5 HT Zpex,168 HT 0.7170829 <.0001* 
3YTZP, RT Zpex,168 HT 0.7030966 <.0001* 
Zpex, 1 YR 3YTZP,168 HT 0.6789982 <.0001* 
Cercon®xt, 24 HT 3YTZP,168 HT 0.6702336 <.0001* 
Cercon®xt, 5 HT 3YTZP,168 HT 0.6666927 <.0001* 
Cercon®xt,168 HT 3YTZP,168 HT 0.6614419 <.0001* 
Zpex, 1 YR Zpex,168 HT 0.6555302 <.0001* 
Cercon®xt, 24 HT Zpex,168 HT 0.6467656 <.0001* 
Cercon®xt ,5 HT Zpex,168 HT 0.6432247 <.0001* 
Cercon®xt ,168 HT Zpex,168 HT 0.6379739 <.0001* 
3YTZP,5 HT 3YTZP,168 HT 0.6359312 <.0001* 
3YTZP,5 HT Zpex,168 HT 0.6124632 <.0001* 
Cercon®xt ,1 YR 3YTZP,168 HT 0.6052102 <.0001* 
3YTZP,1 YR 3YTZP,168 HT 0.5823367 <.0001* 




3YTZP,1 YR Zpex,168 HT 0.5588687 <.0001* 
Cercon®xt ,RT 3YTZP,168 HT 0.5480402 <.0001* 
Cercon®xt ,RT Zpex,168 HT 0.5245722 <.0001* 
3YTZP,24 HT 3YTZP,168 HT 0.5193367 <.0001* 
Zpex Smile,168 HT 3YTZP,168 HT 0.4967161 <.0001* 
3YTZP,24 HT Zpex,168 HT 0.4958687 <.0001* 
Zpex Smile,1 YR 3YTZP,168 HT 0.4937848 <.0001* 
Zpex Smile,RT 3YTZP,168 HT 0.4761689 <.0001* 
Zpex Smile,168 HT Zpex,168 HT 0.4732481 <.0001* 
Zpex Smile,1 YR Zpex,168 HT 0.4703168 <.0001* 
Zpex Smile,24 HT 3YTZP,168 HT 0.4593435 <.0001* 
Zpex Smile,RT Zpex,168 HT 0.4527009 <.0001* 
Zpex,RT Zpex,24 HT 0.4390982 <.0001* 
Zpex Smile,24 HT Zpex,168 HT 0.4358755 <.0001* 
Zpex Smile,5 HT 3YTZP,168 HT 0.4314627 <.0001* 
Zpex,5 HT Zpex,24 HT 0.4190201 <.0001* 
Zpex Smile,5 HT Zpex,168 HT 0.4079946 <.0001* 
3YTZP,RT Zpex,24 HT 0.4050338 <.0001* 
Zpex,1 YR Zpex,24 HT 0.3574674 <.0001* 
Cercon®xt ,24 HT Zpex,24 HT 0.3487029 <.0001* 
Cercon®xt ,5 HT Zpex,24 HT 0.3451619 <.0001* 
Cercon®xt ,168 HT Zpex,24 HT 0.3399111 <.0001* 
Zpex,RT Zpex Smile,5 HT 0.3291664 <.0001* 
Zpex,24 HT 3YTZP,168 HT 0.3215308 <.0001* 
3YTZP,5 HT Zpex,24 HT 0.3144004 0.0001* 
Zpex,5 HT Zpex Smile,5 HT 0.3090882 0.0001* 
Zpex,RT Zpex Smile,24 HT 0.3012856 0.0002* 
Zpex,24 HT Zpex,168 HT 0.2980628 0.0002* 
3YTZP,RT Zpex Smile,5 HT 0.2951020 0.0002* 
Zpex,RT Zpex Smile,RT 0.2844601 0.0004* 
Cercon®xt ,1 YR Zpex,24 HT 0.2836794 0.0004* 
Zpex,5 HT Zpex Smile,24 HT 0.2812074 0.0004* 
3YTZP,RT Zpex Smile,24 HT 0.2672211 0.0008* 
Zpex,RT Zpex Smile,1 YR 0.2668442 0.0008* 
Zpex,5 HT Zpex Smile,RT 0.2643820 0.0009* 
Zpex,RT Zpex Smile,168 HT 0.2639129 0.0009* 
3YTZP,1 YR Zpex,24 HT 0.2608059 0.0010* 
3YTZP,RT Zpex Smile,RT 0.2503957 0.0015* 
Zpex,1 YR Zpex Smile,5 HT 0.2475356 0.0016* 




Zpex,5 HT Zpex Smile,168 HT 0.2438348 0.0019* 
Zpex,RT 3YTZP,24 HT 0.2412923 0.0021* 
Cercon®xt ,24 HT Zpex Smile,5 HT 0.2387710 0.0023* 
Cercon®xt ,5 HT Zpex Smile,5 HT 0.2352300 0.0026* 
3YTZP,RT Zpex Smile,1 YR 0.2327798 0.0029* 
Cercon®xt ,168 HT Zpex Smile,5 HT 0.2299792 0.0032* 
3YTZP,RT Zpex Smile,168 HT 0.2298485 0.0032* 
Cercon®xt ,RT Zpex,24 HT 0.2265094 0.0036* 
Zpex,5 HT 3YTZP,24 HT 0.2212142 0.0044* 
Zpex,1 YR Zpex Smile,24 HT 0.2196548 0.0047* 
Zpex,RT Cercon®xt ,RT 0.2125888 0.0060* 
Cercon®xt ,24 HT Zpex Smile,24 HT 0.2108902 0.0064* 
Cercon®xt ,5 HT Zpex Smile,24 HT 0.2073492 0.0073* 
3YTZP,RT 3YTZP,24 HT 0.2072279 0.0073* 
3YTZP,5 HT Zpex Smile,5 HT 0.2044685 0.0081* 
Zpex,1 YR Zpex Smile,RT 0.2028293 0.0085* 
Cercon®xt ,168 HT Zpex Smile,24 HT 0.2020984 0.0088* 
3YTZP,24 HT Zpex,24 HT 0.1978059 0.0102* 
Cercon®xt ,24 HT Zpex Smile,RT 0.1940647 0.0116* 
Zpex,5 HT Cercon®xt ,RT 0.1925106 0.0122* 
Cercon®xt ,5 HT Zpex Smile,RT 0.1905237 0.0130* 
Cercon®xt ,168 HT Zpex Smile,RT 0.1852730 0.0156* 
Zpex,1 YR Zpex Smile,1 YR 0.1852134 0.0156* 
Zpex,1 YR Zpex Smile,168 HT 0.1822821 0.0172* 
3YTZP,RT Cercon®xt ,RT 0.1785244 0.0195* 
Zpex,RT 3YTZP,1 YR 0.1782923 0.0196* 
3YTZP,5 HT Zpex Smile,24 HT 0.1765877 0.0207* 
Cercon®xt ,24 HT Zpex Smile,1 YR 0.1764489 0.0208* 
Zpex Smile,168 HT Zpex,24 HT 0.1751853 0.0217* 
Cercon®xt ,1 YR Zpex Smile,5 HT 0.1737476 0.0227* 
Cercon®xt ,24 HT Zpex Smile,168 HT 0.1735176 0.0229* 
Cercon®xt ,5 HT Zpex Smile,1 YR 0.1729079 0.0233* 
Zpex Smile,1 YR Zpex,24 HT 0.1722540 0.0238* 
Cercon®xt ,5 HT Zpex Smile,168 HT 0.1699766 0.0256* 
Cercon®xt ,168 HT Zpex Smile,1 YR 0.1676571 0.0276* 
Cercon®xt ,168 HT Zpex Smile,168 HT 0.1647258 0.0303* 
3YTZP,5 HT Zpex Smile,RT 0.1597623 0.0353* 
Zpex,1 YR 3YTZP,24 HT 0.1596615 0.0354* 
Zpex,5 HT 3YTZP,1 YR 0.1582142 0.0370* 




Zpex Smile,RT Zpex,24 HT 0.1546381 0.0413* 
Cercon®xt ,24 HT 3YTZP,24 HT 0.1508970 0.0461* 
3YTZP,1 YR Zpex Smile,5 HT 0.1508740 0.0462* 
Cercon®xt ,5 HT 3YTZP,24 HT 0.1473560 0.0512 
Cercon®xt ,1 YR Zpex Smile,24 HT 0.1458668 0.0535 
3YTZP,RT 3YTZP,1 YR 0.1442279 0.0561 
3YTZP,5 HT Zpex Smile,1 YR 0.1421464 0.0596 
Cercon®xt ,168 HT 3YTZP,24 HT 0.1421052 0.0597 
3YTZP,5 HT Zpex Smile,168 HT 0.1392151 0.0648 
Zpex Smile,24 HT Zpex,24 HT 0.1378127 0.0675 
Zpex,5 HT Cercon®xt ,1 YR 0.1353407 0.0723 
Zpex,1 YR Cercon®xt ,RT 0.1309580 0.0817 
Cercon®xt ,1 YR Zpex Smile,RT 0.1290413 0.0861 
Zpex,RT 3YTZP,5 HT 0.1246978 0.0968 
3YTZP,1 YR Zpex Smile,24 HT 0.1229932 0.1013 
Cercon®xt ,24 HT Cercon®xt ,RT 0.1221934 0.1034 
3YTZP,RT Cercon®xt ,1 YR 0.1213544 0.1057 
Cercon®xt ,5 HT Cercon®xt ,RT 0.1186524 0.1135 
3YTZP,5 HT 3YTZP,24 HT 0.1165945 0.1197 
Cercon®xt ,RT Zpex Smile,5 HT 0.1165776 0.1197 
Cercon®xt ,168 HT Cercon®xt ,RT 0.1134017 0.1298 
Cercon®xt ,1 YR Zpex Smile,1 YR 0.1114254 0.1365 
Zpex Smile,5 HT Zpex,24 HT 0.1099319 0.1416 
Cercon®xt ,1 YR Zpex Smile,168 HT 0.1084941 0.1468 
3YTZP,1 YR Zpex Smile,RT 0.1061678 0.1554 
Zpex,5 HT 3YTZP,5 HT 0.1046197 0.1614 
Zpex,RT Cercon®xt ,168 HT 0.0991871 0.1837 
Zpex,1 YR 3YTZP,1 YR 0.0966615 0.1949 
Zpex,RT Cercon®xt ,5 HT 0.0939364 0.2075 
3YTZP,RT 3YTZP,5 HT 0.0906334 0.2236 
Zpex,RT Cercon®xt ,24 HT 0.0903954 0.2248 
Cercon®xt ,RT Zpex Smile,24 HT 0.0886968 0.2335 
3YTZP,1 YR Zpex Smile,1 YR 0.0885519 0.2343 
Cercon®xt ,24 HT 3YTZP,1 YR 0.0878970 0.2377 
3YTZP,5 HT Cercon®xt ,RT 0.0878910 0.2377 
3YTZP,24 HT Zpex Smile,5 HT 0.0878740 0.2378 
Cercon®xt ,1 YR 3YTZP,24 HT 0.0858735 0.2485 
3YTZP,1 YR Zpex Smile,168 HT 0.0856206 0.2498 
Cercon®xt ,5 HT 3YTZP,1 YR 0.0843560 0.2568 




Zpex,5 HT Cercon®xt ,168 HT 0.0791090 0.2871 
Cercon®xt ,168 HT 3YTZP,1 YR 0.0791052 0.2871 
Zpex,5 HT Cercon®xt ,5 HT 0.0738582 0.3198 
Zpex,1 YR Cercon®xt ,1 YR 0.0737880 0.3203 
Cercon®xt ,RT Zpex Smile,RT 0.0718713 0.3329 
Zpex,5 HT Cercon®xt ,24 HT 0.0703172 0.3433 
Zpex Smile,168 HT Zpex Smile,5 HT 0.0652534 0.3788 
3YTZP,RT Cercon®xt ,168 HT 0.0651227 0.3798 
Cercon®xt ,24 HT Cercon®xt ,1 YR 0.0650234 0.3805 
3YTZP,1 YR 3YTZP,24 HT 0.0630000 0.3953 
Zpex Smile,1 YR Zpex Smile,5 HT 0.0623221 0.4004 
Zpex,5 HT Zpex,1 YR 0.0615527 0.4062 
Cercon®xt ,5 HT Cercon®xt ,1 YR 0.0614824 0.4067 
3YTZP,24 HT Zpex Smile,24 HT 0.0599932 0.4181 
3YTZP,RT Cercon®xt ,5 HT 0.0598719 0.4190 
Cercon®xt ,1 YR Cercon®xt ,RT 0.0571700 0.4402 
3YTZP,RT Cercon®xt ,24 HT 0.0563310 0.4468 
Cercon®xt ,168 HT Cercon®xt ,1 YR 0.0562317 0.4476 
Cercon®xt ,RT Zpex Smile,1 YR 0.0542554 0.4636 
3YTZP,5 HT 3YTZP,1 YR 0.0535945 0.4691 
Cercon®xt ,RT Zpex Smile,168 HT 0.0513241 0.4880 
3YTZP,RT Zpex,1 YR 0.0475664 0.5202 
Zpex Smile,RT Zpex Smile,5 HT 0.0447063 0.5455 
3YTZP,24 HT Zpex Smile,RT 0.0431678 0.5593 
Zpex,1 YR 3YTZP,5 HT 0.0430670 0.5603 
Zpex Smile,168 HT Zpex Smile,24 HT 0.0373726 0.6131 
Zpex Smile,1 YR Zpex Smile,24 HT 0.0344413 0.6411 
Cercon®xt ,24 HT 3YTZP,5 HT 0.0343024 0.6424 
3YTZP,1 YR Cercon®xt ,RT 0.0342965 0.6425 
Zpex,RT 3YTZP,RT 0.0340644 0.6447 
Cercon®xt ,5 HT 3YTZP,5 HT 0.0307615 0.6771 
3YTZP,5 HT Cercon®xt ,1 YR 0.0307210 0.6775 
Cercon®xt ,RT 3YTZP,24 HT 0.0287035 0.6975 
Zpex Smile,24 HT Zpex Smile,5 HT 0.0278808 0.7058 
3YTZP,24 HT Zpex Smile,1 YR 0.0255519 0.7293 
Cercon®xt ,168 HT 3YTZP,5 HT 0.0255107 0.7297 
Zpex,168 HT 3YTZP,168 HT 0.0234680 0.7506 
Cercon®xt ,1 YR 3YTZP,1 YR 0.0228735 0.7567 
3YTZP,24 HT Zpex Smile,168 HT 0.0226206 0.7593 




Zpex,RT Zpex,5 HT 0.0200781 0.7856 
Zpex Smile,1 YR Zpex Smile,RT 0.0176159 0.8114 
Zpex,1 YR Cercon®xt ,168 HT 0.0175563 0.8120 
Zpex Smile,RT Zpex Smile,24 HT 0.0168255 0.8197 
Zpex,5 HT 3YTZP,RT 0.0139863 0.8497 
Zpex,1 YR Cercon®xt ,5 HT 0.0123056 0.8676 
Cercon®xt ,24 HT Cercon®xt ,168 HT 0.0087918 0.9052 
Zpex,1 YR Cercon®xt ,24 HT 0.0087646 0.9054 
Cercon®xt ,5 HT Cercon®xt ,168 HT 0.0052508 0.9433 
Cercon®xt ,24 HT Cercon®xt ,5 HT 0.0035410 0.9617 
Zpex Smile,168 HT Zpex Smile,1 YR 0.0029313 0.9683 
 
Table A 40: Level of significance of aging process and the fraction of tetragonal 
phase of all materials grinding groups 
Level - Level Difference p-Value 
3YTZP,5 HT Zpex Smile,1 YR 0.7509097 <.0001* 
3YTZP,5 HT Cercon®xt ,1 YR 0.7367444 <.0001* 
Zpex,5 HT Zpex Smile,1 YR 0.7268093 <.0001* 
3YTZP,5 HT Cercon®xt ,5 HT 0.7169430 <.0001* 
Zpex,5 HT Cercon®xt ,1 YR 0.7126440 <.0001* 
Zpex,5 HT Cercon®xt ,5 HT 0.6928426 <.0001* 
3YTZP,5 HT Cercon®xt ,24 HT 0.6898506 <.0001* 
3YTZP,5 HT Zpex Smile,RT 0.6767149 <.0001* 
3YTZP,5 HT Zpex Smile,24 HT 0.6738107 <.0001* 
Zpex,168 HT Zpex Smile,1 YR 0.6692846 <.0001* 
Zpex,5 HT Cercon®xt ,24 HT 0.6657502 <.0001* 
Zpex,24 HT Zpex Smile,1 YR 0.6587485 <.0001* 
Zpex,168 HT Cercon®xt ,1 YR 0.6551194 <.0001* 
Zpex,5 HT Zpex Smile,RT 0.6526145 <.0001* 
Zpex,5 HT Zpex Smile,24 HT 0.6497103 <.0001* 
Zpex,RT Zpex Smile,1 YR 0.6468688 <.0001* 
Zpex,24 HT Cercon®xt ,1 YR 0.6445833 <.0001* 
3YTZP,5 HT Cercon®xt ,168 HT 0.6422097 <.0001* 
Zpex,168 HT Cercon®xt ,5 HT 0.6353180 <.0001* 
Zpex,RT Cercon®xt ,1 YR 0.6327035 <.0001* 
3YTZP,24 HT Zpex Smile,1 YR 0.6292755 <.0001* 
Zpex,24 HT Cercon®xt ,5 HT 0.6247819 <.0001* 
Zpex,5 HT Cercon®xt ,168 HT 0.6181093 <.0001* 
3YTZP,24 HT Cercon®xt ,1 YR 0.6151103 <.0001* 




3YTZP,5 HT Cercon®xt ,RT 0.6112844 <.0001* 
Zpex,168 HT Cercon®xt ,24 HT 0.6082255 <.0001* 
Zpex,24 HT Cercon®xt ,24 HT 0.5976894 <.0001* 
3YTZP,5 HT Zpex Smile,168 HT 0.5963085 <.0001* 
3YTZP,24 HT Cercon®xt ,5 HT 0.5953089 <.0001* 
Zpex,168 HT Zpex Smile,RT 0.5950899 <.0001* 
Zpex,168 HT Zpex Smile,24 HT 0.5921857 <.0001* 
Zpex,5 HT Cercon®xt ,RT 0.5871839 <.0001* 
Zpex,RT Cercon®xt ,24 HT 0.5858097 <.0001* 
Zpex,24 HT Zpex Smile,RT 0.5845538 <.0001* 
Zpex,24 HT Zpex Smile,24 HT 0.5816496 <.0001* 
3YTZP,5 HT Zpex Smile,5 HT 0.5789217 <.0001* 
Zpex,RT Zpex Smile,RT 0.5726740 <.0001* 
Zpex,5 HT Zpex Smile,168 HT 0.5722081 <.0001* 
Zpex,RT Zpex Smile,24 HT 0.5697699 <.0001* 
3YTZP,24 HT Cercon®xt ,24 HT 0.5682164 <.0001* 
3YTZP,RT Zpex Smile,1 YR 0.5619212 0.0001* 
Zpex,168 HT Cercon®xt ,168 HT 0.5605846 0.0001* 
3YTZP,24 HT Zpex Smile,RT 0.5550808 0.0001* 
Zpex,5 HT Zpex Smile,5 HT 0.5548213 0.0001* 
3YTZP,24 HT Zpex Smile,24 HT 0.5521766 0.0001* 
Zpex,24 HT Cercon®xt ,168 HT 0.5500485 0.0001* 
3YTZP,RT Cercon®xt ,1 YR 0.5477560 0.0001* 
Zpex,RT Cercon®xt ,168 HT 0.5381688 <.0001* 
Zpex,168 HT Cercon®xt ,RT 0.5296593 0.0002* 
3YTZP,RT Cercon®xt ,5 HT 0.5279545 0.0002* 
3YTZP,24 HT Cercon®xt ,168 HT 0.5205755 0.0003* 
Zpex,24 HT Cercon®xt ,RT 0.5191232 0.0003* 
Zpex,168 HT Zpex Smile,168 HT 0.5146835 0.0003* 
Zpex,RT Cercon®xt ,RT 0.5072435 <.0001* 
Zpex,24 HT Zpex Smile,168 HT 0.5041474 0.0004* 
3YTZP,RT Cercon®xt ,24 HT 0.5008621 0.0004* 
Zpex,168 HT Zpex Smile,5 HT 0.4972966 0.0005* 
Zpex,RT Zpex Smile,168 HT 0.4922676 0.0001* 
3YTZP,24 HT Cercon®xt ,RT 0.4896502 0.0006* 
3YTZP,RT Zpex Smile,RT 0.4877264 0.0006* 
Zpex,24 HT Zpex Smile,5 HT 0.4867605 0.0006* 
3YTZP,RT Zpex Smile,24 HT 0.4848223 0.0006* 
3YTZP,168 HT Zpex Smile,1 YR 0.4809211 0.0007* 




Zpex,RT Zpex Smile,5 HT 0.4748808 0.0002* 
3YTZP,24 HT Zpex Smile,168 HT 0.4746743 0.0008* 
3YTZP,168 HT Cercon®xt ,1 YR 0.4667558 0.0009* 
Zpex,1 YR Cercon®xt ,1 YR 0.4614347 0.0011* 
3YTZP,24 HT Zpex Smile,5 HT 0.4572875 0.0012* 
3YTZP,RT Cercon®xt ,168 HT 0.4532212 0.0013* 
3YTZP,168 HT Cercon®xt ,5 HT 0.4469544 0.0014* 
Zpex,1 YR Cercon®xt ,5 HT 0.4416333 0.0016* 
3YTZP,RT Cercon®xt ,RT 0.4222959 0.0025* 
3YTZP,168 HT Cercon®xt ,24 HT 0.4198620 0.0026* 
Zpex,1 YR Cercon®xt ,24 HT 0.4145409 0.0029* 
3YTZP,RT Zpex Smile,168 HT 0.4073200 0.0034* 
3YTZP,168 HT Zpex Smile,RT 0.4067263 0.0034* 
3YTZP,168 HT Zpex Smile,24 HT 0.4038221 0.0036* 
Zpex,1 YR Zpex Smile,RT 0.4014052 0.0038* 
Zpex,1 YR Zpex Smile,24 HT 0.3985011 0.0041* 
3YTZP,RT Zpex Smile,5 HT 0.3899332 0.0049* 
3YTZP,1 YR Zpex Smile,1 YR 0.3829068 0.0056* 
3YTZP,168 HT Cercon®xt ,168 HT 0.3722211 0.0069* 
3YTZP,1 YR Cercon®xt ,1 YR 0.3687415 0.0074* 
3YTZP,5 HT 3YTZP,1 YR 0.3680029 0.0076* 
Zpex,1 YR Cercon®xt ,168 HT 0.3669000 0.0077* 
3YTZP,1 YR Cercon®xt ,5 HT 0.3489401 0.0110* 
Zpex,5 HT 3YTZP,1 YR 0.3439025 0.0121* 
3YTZP,168 HT Cercon®xt ,RT 0.3412958 0.0127* 
Zpex,1 YR Cercon®xt ,RT 0.3359747 0.0141* 
3YTZP,168 HT Zpex Smile,168 HT 0.3263199 0.0169* 
3YTZP,1 YR Cercon®xt ,24 HT 0.3218477 0.0183* 
Zpex,1 YR Zpex Smile,168 HT 0.3209988 0.0186* 
3YTZP,168 HT Zpex Smile,5 HT 0.3089331 0.0232* 
3YTZP,1 YR Zpex Smile,RT 0.3087120 0.0233* 
3YTZP,1 YR Zpex Smile,24 HT 0.3058078 0.0245* 
Zpex,1 YR Zpex Smile,5 HT 0.3036120 0.0255* 
Zpex,168 HT 3YTZP,1 YR 0.2863779 0.0346* 
Zpex,24 HT 3YTZP,1 YR 0.2758418 0.0414* 
3YTZP,5 HT Zpex,1 YR 0.2753097 0.0418* 
3YTZP,1 YR Cercon®xt ,168 HT 0.2742068 0.0426* 
3YTZP,5 HT 3YTZP,168 HT 0.2699886 0.0457* 
Zpex,RT 3YTZP,1 YR 0.2639620 0.0297* 




3YTZP,24 HT 3YTZP,1 YR 0.2463687 0.0672 
Zpex,5 HT 3YTZP,168 HT 0.2458882 0.0677 
3YTZP,1 YR Cercon®xt ,RT 0.2432815 0.0705 
3YTZP,1 YR Zpex Smile,168 HT 0.2283056 0.0889 
3YTZP,1 YR Zpex Smile,5 HT 0.2109188 0.1152 
Zpex,168 HT Zpex,1 YR 0.1936846 0.1470 
3YTZP,5 HT 3YTZP,RT 0.1889885 0.1569 
Zpex,168 HT 3YTZP,168 HT 0.1883636 0.1582 
Zpex,24 HT Zpex,1 YR 0.1831485 0.1698 
3YTZP,RT 3YTZP,1 YR 0.1790144 0.1794 
Zpex,24 HT 3YTZP,168 HT 0.1778275 0.1822 
Zpex Smile,5 HT Zpex Smile,1 YR 0.1719880 0.1967 
Zpex,RT Zpex,1 YR 0.1712688 0.1516 
Zpex,RT 3YTZP,168 HT 0.1659477 0.1644 
Zpex,5 HT 3YTZP,RT 0.1648881 0.2155 
Zpex Smile,5 HT Cercon®xt ,1 YR 0.1578227 0.2354 
Zpex Smile,168 HT Zpex Smile,1 YR 0.1546012 0.2449 
3YTZP,24 HT Zpex,1 YR 0.1536755 0.2477 
3YTZP,24 HT 3YTZP,168 HT 0.1483545 0.2642 
Zpex Smile,168 HT Cercon®xt ,1 YR 0.1404359 0.2902 
Cercon®xt ,RT Zpex Smile,1 YR 0.1396253 0.2930 
Zpex Smile,5 HT Cercon®xt ,5 HT 0.1380213 0.2985 
Cercon®xt ,RT Cercon®xt ,1 YR 0.1254601 0.3441 
3YTZP,5 HT 3YTZP,24 HT 0.1216341 0.3588 
Zpex Smile,168 HT Cercon®xt ,5 HT 0.1206345 0.3628 
Zpex Smile,5 HT Cercon®xt ,24 HT 0.1109289 0.4023 
Cercon®xt ,168 HT Zpex Smile,1 YR 0.1087000 0.4117 
Zpex,168 HT 3YTZP,RT 0.1073634 0.4175 
Cercon®xt ,RT Cercon®xt ,5 HT 0.1056586 0.4248 
3YTZP,5 HT Zpex,RT 0.1040409 0.3800 
3YTZP,168 HT 3YTZP,1 YR 0.0980143 0.4589 
Zpex Smile,5 HT Zpex Smile,RT 0.0977932 0.4599 
Zpex,5 HT 3YTZP,24 HT 0.0975337 0.4611 
Zpex,24 HT 3YTZP,RT 0.0968273 0.4643 
Zpex Smile,5 HT Zpex Smile,24 HT 0.0948890 0.4732 
Cercon®xt ,168 HT Cercon®xt ,1 YR 0.0945348 0.4749 
Zpex Smile,168 HT Cercon®xt ,24 HT 0.0935421 0.4795 
Zpex,1 YR 3YTZP,1 YR 0.0926932 0.4835 
3YTZP,5 HT Zpex,24 HT 0.0921611 0.4860 




Zpex,RT 3YTZP,RT 0.0849476 0.4728 
3YTZP,5 HT Zpex,168 HT 0.0816250 0.5369 
3YTZP,RT 3YTZP,168 HT 0.0810001 0.5400 
Zpex Smile,168 HT Zpex Smile,RT 0.0804064 0.5430 
Zpex,5 HT Zpex,RT 0.0799405 0.4992 
Cercon®xt ,RT Cercon®xt ,24 HT 0.0785662 0.5522 
Zpex Smile,168 HT Zpex Smile,24 HT 0.0775022 0.5576 
Zpex Smile,24 HT Zpex Smile,1 YR 0.0770989 0.5596 
Cercon®xt ,168 HT Cercon®xt ,5 HT 0.0747333 0.5717 
Zpex Smile,RT Zpex Smile,1 YR 0.0741948 0.5745 
Zpex,5 HT Zpex,24 HT 0.0680607 0.6064 
3YTZP,24 HT 3YTZP,RT 0.0673543 0.6101 
Cercon®xt ,RT Zpex Smile,RT 0.0654306 0.6203 
Zpex Smile,5 HT Cercon®xt ,168 HT 0.0632880 0.6318 
Zpex Smile,24 HT Cercon®xt ,1 YR 0.0629337 0.6337 
Cercon®xt ,RT Zpex Smile,24 HT 0.0625264 0.6359 
Cercon®xt ,24 HT Zpex Smile,1 YR 0.0610591 0.6438 
Zpex Smile,RT Cercon®xt ,1 YR 0.0600295 0.6494 
Zpex,5 HT Zpex,168 HT 0.0575246 0.6631 
Cercon®xt ,168 HT Cercon®xt ,24 HT 0.0476409 0.7181 
Cercon®xt ,24 HT Cercon®xt ,1 YR 0.0468938 0.7224 
Zpex Smile,168 HT Cercon®xt ,168 HT 0.0459012 0.7280 
Zpex Smile,24 HT Cercon®xt ,5 HT 0.0431323 0.7438 
Zpex Smile,RT Cercon®xt ,5 HT 0.0402281 0.7605 
Zpex,168 HT 3YTZP,24 HT 0.0400091 0.7617 
Cercon®xt ,168 HT Zpex Smile,RT 0.0345052 0.7937 
Cercon®xt ,5 HT Zpex Smile,1 YR 0.0339667 0.7968 
Zpex Smile,5 HT Cercon®xt ,RT 0.0323627 0.8062 
Cercon®xt ,168 HT Zpex Smile,24 HT 0.0316011 0.8107 
Cercon®xt ,RT Cercon®xt ,168 HT 0.0309253 0.8147 
Zpex,24 HT 3YTZP,24 HT 0.0294730 0.8232 
Cercon®xt ,24 HT Cercon®xt ,5 HT 0.0270924 0.8373 
3YTZP,5 HT Zpex,5 HT 0.0241004 0.8550 
Zpex,168 HT Zpex,RT 0.0224158 0.8493 
Cercon®xt ,5 HT Cercon®xt ,1 YR 0.0198014 0.8807 
Zpex,RT 3YTZP,24 HT 0.0175933 0.8815 
Zpex Smile,5 HT Zpex Smile,168 HT 0.0173868 0.8951 
Zpex Smile,24 HT Cercon®xt ,24 HT 0.0160399 0.9032 
Zpex Smile,168 HT Cercon®xt ,RT 0.0149759 0.9096 




Zpex Smile,RT Cercon®xt ,24 HT 0.0131357 0.9207 
Zpex,24 HT Zpex,RT 0.0118797 0.9198 
Zpex,168 HT Zpex,24 HT 0.0105361 0.9363 
3YTZP,168 HT Zpex,1 YR 0.0053211 0.9678 
Zpex Smile,24 HT Zpex Smile,RT 0.0029042 0.9824 
 
Table A 41: Level of significance of aging process and the fraction of tetragonal 
phase of all materials sandblasting groups 
Level - Level Difference p-Value 
Zpex,RT Cercon®xt ,5 HT 0.7569337 <.0001* 
Zpex,RT Zpex Smile,24 HT 0.7522902 <.0001* 
3YTZP,RT Cercon®xt ,5 HT 0.7520505 <.0001* 
3YTZP,RT Zpex Smile,24 HT 0.7474071 <.0001* 
Zpex,RT Cercon®xt ,24 HT 0.7431001 <.0001* 
3YTZP,RT Cercon®xt ,24 HT 0.7382170 <.0001* 
Zpex,RT Zpex Smile,5 HT 0.7240675 <.0001* 
3YTZP,RT Zpex Smile,5 HT 0.7191844 <.0001* 
Zpex,RT Zpex Smile,1 YR 0.7180088 <.0001* 
Zpex,5 HT Cercon®xt ,5 HT 0.7152284 <.0001* 
3YTZP,RT Zpex Smile,1 YR 0.7131256 <.0001* 
Zpex,5 HT Zpex Smile,24 HT 0.7105850 <.0001* 
3YTZP,5 HT Cercon®xt ,5 HT 0.7075129 <.0001* 
3YTZP,5 HT Zpex Smile,24 HT 0.7028695 <.0001* 
Zpex,5 HT Cercon®xt ,24 HT 0.7013949 <.0001* 
3YTZP,5 HT Cercon®xt ,24 HT 0.6936793 <.0001* 
Zpex,5 HT Zpex Smile,5 HT 0.6823623 <.0001* 
Zpex,5 HT Zpex Smile,1 YR 0.6763036 <.0001* 
3YTZP,5 HT Zpex Smile,5 HT 0.6746467 <.0001* 
3YTZP,5 HT Zpex Smile,1 YR 0.6685880 <.0001* 
3YTZP,1 YR Cercon®xt ,5 HT 0.6561626 <.0001* 
3YTZP,1 YR Zpex Smile,24 HT 0.6515192 <.0001* 
Zpex,1 YR Cercon®xt ,5 HT 0.6495851 <.0001* 
Zpex,1 YR Zpex Smile,24 HT 0.6449417 <.0001* 
3YTZP,1 YR Cercon®xt ,24 HT 0.6423290 <.0001* 
Zpex,1 YR Cercon®xt ,24 HT 0.6357515 <.0001* 
3YTZP,1 YR Zpex Smile,5 HT 0.6232964 <.0001* 
3YTZP,1 YR Zpex Smile,1 YR 0.6172377 <.0001* 
Zpex,1 YR Zpex Smile,5 HT 0.6167189 <.0001* 
Zpex,1 YR Zpex Smile,1 YR 0.6106602 <.0001* 




3YTZP,RT 3YTZP,168 HT 0.5974784 <.0001* 
Zpex,RT Zpex Smile,168 HT 0.5804082 <.0001* 
3YTZP,RT Zpex Smile,168 HT 0.5755250 <.0001* 
Zpex,5 HT 3YTZP,168 HT 0.5606563 <.0001* 
3YTZP,5 HT 3YTZP,168 HT 0.5529408 <.0001* 
Zpex,5 HT Zpex Smile,168 HT 0.5387030 <.0001* 
Zpex,RT Cercon®xt ,1 YR 0.5328489 <.0001* 
3YTZP,5 HT Zpex Smile,168 HT 0.5309874 <.0001* 
Zpex,RT Zpex,168 HT 0.5291164 <.0001* 
3YTZP,RT Cercon®xt ,1 YR 0.5279658 <.0001* 
3YTZP,RT Zpex,168 HT 0.5242333 <.0001* 
Zpex,RT Zpex Smile,RT 0.5022605 <.0001* 
3YTZP,1 YR 3YTZP,168 HT 0.5015904 <.0001* 
3YTZP,RT Zpex Smile,RT 0.4973774 <.0001* 
Zpex,1 YR 3YTZP,168 HT 0.4950129 <.0001* 
Zpex,5 HT Cercon®xt ,1 YR 0.4911437 <.0001* 
Zpex,RT Zpex,24 HT 0.4891247 <.0001* 
Zpex,5 HT Zpex,168 HT 0.4874112 <.0001* 
3YTZP,RT Zpex,24 HT 0.4842416 <.0001* 
3YTZP,5 HT Cercon®xt ,1 YR 0.4834281 <.0001* 
3YTZP,5 HT Zpex,168 HT 0.4796957 <.0001* 
3YTZP,1 YR Zpex Smile,168 HT 0.4796371 <.0001* 
Zpex,1 YR Zpex Smile,168 HT 0.4730596 <.0001* 
3YTZP,24 HT Cercon®xt ,5 HT 0.4670434 <.0001* 
3YTZP,24 HT Zpex Smile,24 HT 0.4624000 <.0001* 
Zpex,5 HT Zpex Smile,RT 0.4605553 <.0001* 
3YTZP,24 HT Cercon®xt ,24 HT 0.4532099 <.0001* 
3YTZP,5 HT Zpex Smile,RT 0.4528398 <.0001* 
Zpex,5 HT Zpex,24 HT 0.4474195 <.0001* 
3YTZP,5 HT Zpex,24 HT 0.4397039 <.0001* 
3YTZP,24 HT Zpex Smile,5 HT 0.4341773 <.0001* 
3YTZP,1 YR Cercon®xt ,1 YR 0.4320778 <.0001* 
Zpex,RT Cercon®xt ,RT 0.4294333 <.0001* 
3YTZP,1 YR Zpex,168 HT 0.4283453 <.0001* 
3YTZP,24 HT Zpex Smile,1 YR 0.4281185 <.0001* 
Zpex,RT Cercon®xt ,168 HT 0.4264528 <.0001* 
Zpex,1 YR Cercon®xt ,1 YR 0.4255003 <.0001* 
3YTZP,RT Cercon®xt ,RT 0.4245501 <.0001* 
Zpex,1 YR Zpex,168 HT 0.4217679 <.0001* 




3YTZP,1 YR Zpex Smile,RT 0.4014894 0.0002* 
Zpex,1 YR Zpex Smile,RT 0.3949119 0.0002* 
3YTZP,1 YR Zpex,24 HT 0.3883536 0.0002* 
Zpex,5 HT Cercon®xt ,RT 0.3877281 0.0001* 
Zpex,5 HT Cercon®xt ,168 HT 0.3847476 0.0003* 
Zpex,1 YR Zpex,24 HT 0.3817761 0.0003* 
3YTZP,5 HT Cercon®xt ,RT 0.3800125 0.0001* 
3YTZP,5 HT Cercon®xt ,168 HT 0.3770321 0.0003* 
Cercon®xt ,168 HT Cercon®xt ,5 HT 0.3304808 0.0014* 
3YTZP,1 YR Cercon®xt ,RT 0.3286622 0.0008* 
Cercon®xt ,RT Cercon®xt ,5 HT 0.3275004 0.0008* 
Cercon®xt ,168 HT Zpex Smile,24 HT 0.3258374 0.0016* 
3YTZP,1 YR Cercon®xt ,168 HT 0.3256817 0.0016* 
Cercon®xt ,RT Zpex Smile,24 HT 0.3228570 0.0009* 
Zpex,1 YR Cercon®xt ,RT 0.3220847 0.0009* 
Zpex,1 YR Cercon®xt ,168 HT 0.3191043 0.0020* 
Cercon®xt ,168 HT Cercon®xt ,24 HT 0.3166473 0.0021* 
Cercon®xt ,RT Cercon®xt ,24 HT 0.3136668 0.0012* 
3YTZP,24 HT 3YTZP,168 HT 0.3124713 0.0024* 
Cercon®xt ,168 HT Zpex Smile,5 HT 0.2976147 0.0036* 
Cercon®xt ,RT Zpex Smile,5 HT 0.2946342 0.0022* 
Cercon®xt ,168 HT Zpex Smile,1 YR 0.2915559 0.0043* 
3YTZP,24 HT Zpex Smile,168 HT 0.2905179 0.0044* 
Zpex,RT 3YTZP,24 HT 0.2898902 0.0045* 
Cercon®xt ,RT Zpex Smile,1 YR 0.2885755 0.0027* 
3YTZP,RT 3YTZP,24 HT 0.2850071 0.0052* 
Zpex,24 HT Cercon®xt ,5 HT 0.2678089 0.0082* 
Zpex,24 HT Zpex Smile,24 HT 0.2631655 0.0093* 
Zpex Smile,RT Cercon®xt ,5 HT 0.2546731 0.0117* 
Zpex,24 HT Cercon®xt ,24 HT 0.2539754 0.0119* 
Zpex Smile,RT Zpex Smile,24 HT 0.2500297 0.0132* 
Zpex,5 HT 3YTZP,24 HT 0.2481850 0.0138* 
3YTZP,24 HT Cercon®xt ,1 YR 0.2429587 0.0158* 
Zpex Smile,RT Cercon®xt ,24 HT 0.2408396 0.0166* 
3YTZP,5 HT 3YTZP,24 HT 0.2404695 0.0168* 
3YTZP,24 HT Zpex,168 HT 0.2392262 0.0173* 
Zpex,24 HT Zpex Smile,5 HT 0.2349428 0.0193* 
Zpex,24 HT Zpex Smile,1 YR 0.2288841 0.0224* 
Zpex,168 HT Cercon®xt ,5 HT 0.2278172 0.0230* 




Zpex,168 HT Zpex Smile,24 HT 0.2231738 0.0258* 
Zpex Smile,RT Zpex Smile,5 HT 0.2218070 0.0266* 
Cercon®xt ,1 YR Zpex Smile,24 HT 0.2194413 0.0282* 
Zpex Smile,RT Zpex Smile,1 YR 0.2157483 0.0308* 
Zpex,168 HT Cercon®xt ,24 HT 0.2139837 0.0321* 
3YTZP,24 HT Zpex Smile,RT 0.2123703 0.0334* 
Cercon®xt ,1 YR Cercon®xt ,24 HT 0.2102512 0.0351* 
3YTZP,24 HT Zpex,24 HT 0.1992345 0.0452* 
Zpex,168 HT Zpex Smile,5 HT 0.1949511 0.0498* 
Cercon®xt ,1 YR Zpex Smile,5 HT 0.1912186 0.0542 
3YTZP,1 YR 3YTZP,24 HT 0.1891192 0.0567 
Zpex,168 HT Zpex Smile,1 YR 0.1888924 0.0570 
Cercon®xt ,1 YR Zpex Smile,1 YR 0.1851599 0.0619 
Zpex,1 YR 3YTZP,24 HT 0.1825417 0.0655 
Zpex Smile,168 HT Cercon®xt ,5 HT 0.1765255 0.0745 
Cercon®xt ,168 HT 3YTZP,168 HT 0.1759087 0.0755 
Cercon®xt ,RT 3YTZP,168 HT 0.1729283 0.0623 
Zpex Smile,168 HT Zpex Smile,24 HT 0.1718821 0.0822 
Zpex Smile,168 HT Cercon®xt ,24 HT 0.1626919 0.0992 
3YTZP,168 HT Cercon®xt ,5 HT 0.1545721 0.1167 
Cercon®xt ,168 HT Zpex Smile,168 HT 0.1539553 0.1181 
Cercon®xt ,RT Zpex Smile,168 HT 0.1509749 0.1019 
3YTZP,168 HT Zpex Smile,24 HT 0.1499287 0.1278 
Zpex Smile,168 HT Zpex Smile,5 HT 0.1436593 0.1440 
3YTZP,168 HT Cercon®xt ,24 HT 0.1407386 0.1521 
3YTZP,24 HT Cercon®xt ,RT 0.1395430 0.1296 
Zpex Smile,168 HT Zpex Smile,1 YR 0.1376006 0.1613 
3YTZP,24 HT Cercon®xt ,168 HT 0.1365626 0.1644 
3YTZP,168 HT Zpex Smile,5 HT 0.1217060 0.2141 
3YTZP,168 HT Zpex Smile,1 YR 0.1156473 0.2374 
Zpex,24 HT 3YTZP,168 HT 0.1132368 0.2472 
Zpex,RT Zpex,1 YR 0.1073486 0.2722 
Cercon®xt ,168 HT Cercon®xt ,1 YR 0.1063961 0.2764 
Cercon®xt ,RT Cercon®xt ,1 YR 0.1034156 0.2584 
Cercon®xt ,168 HT Zpex,168 HT 0.1026636 0.2934 
3YTZP,RT Zpex,1 YR 0.1024654 0.2943 
Zpex,RT 3YTZP,1 YR 0.1007711 0.3023 
Zpex Smile,RT 3YTZP,168 HT 0.1001010 0.3054 
Cercon®xt ,RT Zpex,168 HT 0.0996832 0.2757 




Zpex,24 HT Zpex Smile,168 HT 0.0912835 0.3495 
Zpex Smile,RT Zpex Smile,168 HT 0.0781477 0.4225 
Cercon®xt ,168 HT Zpex Smile,RT 0.0758077 0.4364 
Zpex,168 HT 3YTZP,168 HT 0.0732451 0.4520 
Cercon®xt ,RT Zpex Smile,RT 0.0728273 0.4242 
Cercon®xt ,1 YR 3YTZP,168 HT 0.0695126 0.4752 
Zpex,5 HT Zpex,1 YR 0.0656434 0.5000 
Cercon®xt ,168 HT Zpex,24 HT 0.0626719 0.5195 
Cercon®xt ,RT Zpex,24 HT 0.0596914 0.5119 
Zpex,5 HT 3YTZP,1 YR 0.0590659 0.5437 
3YTZP,5 HT Zpex,1 YR 0.0579278 0.5514 
3YTZP,5 HT 3YTZP,1 YR 0.0513503 0.5973 
Zpex,168 HT Zpex Smile,168 HT 0.0512917 0.5977 
Zpex,RT 3YTZP,5 HT 0.0494208 0.6111 
Cercon®xt ,1 YR Zpex Smile,168 HT 0.0475593 0.6246 
3YTZP,RT 3YTZP,5 HT 0.0445376 0.6467 
Zpex,24 HT Cercon®xt ,1 YR 0.0437242 0.6527 
Zpex,RT Zpex,5 HT 0.0417052 0.6677 
Zpex,24 HT Zpex,168 HT 0.0399917 0.6806 
Zpex Smile,1 YR Cercon®xt ,5 HT 0.0389249 0.6886 
3YTZP,RT Zpex,5 HT 0.0368221 0.7046 
Zpex Smile,1 YR Zpex Smile,24 HT 0.0342815 0.7241 
Zpex Smile,5 HT Cercon®xt ,5 HT 0.0328661 0.7350 
Zpex Smile,RT Cercon®xt ,1 YR 0.0305884 0.7528 
Zpex Smile,5 HT Zpex Smile,24 HT 0.0282227 0.7713 
Zpex Smile,RT Zpex,168 HT 0.0268559 0.7821 
Zpex Smile,1 YR Cercon®xt ,24 HT 0.0250913 0.7961 
Zpex Smile,168 HT 3YTZP,168 HT 0.0219533 0.8211 
Zpex Smile,5 HT Cercon®xt ,24 HT 0.0190326 0.8445 
Cercon®xt ,24 HT Cercon®xt ,5 HT 0.0138335 0.8867 
Zpex,24 HT Zpex Smile,RT 0.0131358 0.8923 
Cercon®xt ,24 HT Zpex Smile,24 HT 0.0091901 0.9246 
Zpex,5 HT 3YTZP,5 HT 0.0077156 0.9366 
3YTZP,1 YR Zpex,1 YR 0.0065775 0.9460 
Zpex Smile,1 YR Zpex Smile,5 HT 0.0060587 0.9502 
Zpex,RT 3YTZP,RT 0.0048831 0.9599 
Zpex Smile,24 HT Cercon®xt ,5 HT 0.0046434 0.9618 
Zpex,168 HT Cercon®xt ,1 YR 0.0037325 0.9693 





Table A 42: Level of significance of the fraction of cubic phase of all materials 
combined groups 
Level - Level Difference p-Value 
Zpex Smile Zpex 0.3893910 <.0001* 
Zpex Smile 3YTZP 0.3484719 <.0001* 
CerconXT Zpex 0.3205644 <.0001* 
CerconXT 3YTZP 0.2796453 <.0001* 
Zpex Smile CerconXT 0.0688266 0.0076* 
3YTZP Zpex 0.0409192 0.2155 
 
Table A 43: Level of significance of the surface treatments effect on the fraction of 
cubic phase of all materials combined groups 
Level - Level Difference p-Value 
Sandblasting Control 0.1339749 <.0001* 
Grinding Control 0.1227238 <.0001* 
Sandblasting Grinding 0.0112511 0.8110 
 
Table A 44: Level of significance of Surface treatments effect on the fraction of 
cubic phase of all materials combined groups 
Level - Level Difference p-Value 
1 YR 168 HT 0.0541682 0.1572 
24 HT 168 HT 0.0533367 0.1691 
1 YR RT 0.0505978 0.1989 
24 HT RT 0.0497663 0.2132 
5 HT 168 HT 0.0473114 0.2752 
5 HT RT 0.0437411 0.3372 
1 YR 5 HT 0.0068568 0.9985 
24 HT 5 HT 0.0060252 0.9991 
RT 168 HT 0.0035704 0.9999 
1 YR 24 HT 0.0008315 1.0000 
 
Table A 45: Level of significance of surface treatments effect on cubic phase of all 
materials groups 






Sandblasting Zpex, Control 0.4945518 0.0368020 <.0001* 
Cercon®xt, 
Sandblasting Zpex, Control 0.4804578 0.0362869 <.0001* 
Zpex Smile, 
Sandblasting Zpex, Sandblasting 0.4620995 0.0368020 <.0001* 





Sandblasting Zpex, Sandblasting 0.4480056 0.0362869 <.0001* 
Zpex Smile, 
Sandblasting 3YTZP, Sandblasting 0.4391156 0.0368020 <.0001* 
Zpex Smile, 
Sandblasting Zpex, Grinding 0.4382124 0.0359145 <.0001* 
Zpex Smile, Grinding Zpex, Sandblasting 0.4293627 0.0368020 <.0001* 
Cercon®xt, 
Sandblasting 3YTZP, Sandblasting 0.4250216 0.0362869 <.0001* 
Cercon®xt, 
Sandblasting Zpex, Grinding 0.4241184 0.0354203 <.0001* 
Cercon®xt, Grinding Zpex, Control 0.4226995 0.0368020 <.0001* 
Zpex Smile, 
Sandblasting 3YTZP, Grinding 0.4175118 0.0368020 <.0001* 
Zpex Smile, 
Sandblasting 3YTZP, Control 0.4154788 0.0368020 <.0001* 
Zpex Smile, Grinding 3YTZP, Sandblasting 0.4063787 0.0368020 <.0001* 
Zpex Smile, Grinding Zpex, Grinding 0.4054755 0.0359145 <.0001* 
Cercon®xt, 
Sandblasting 3YTZP, Grinding 0.4034178 0.0362869 <.0001* 
Cercon®xt, 
Sandblasting 3YTZP, Control 0.4013849 0.0362869 <.0001* 
Cercon®xt, Grinding Zpex, Sandblasting 0.3902473 0.0368020 <.0001* 
Zpex Smile, Grinding 3YTZP, Grinding 0.3847750 0.0368020 <.0001* 
Zpex Smile, Grinding 3YTZP, Control 0.3827420 0.0368020 <.0001* 
Cercon®xt, Grinding 3YTZP, Sandblasting 0.3672633 0.0368020 <.0001* 
Cercon®xt, Grinding Zpex, Grinding 0.3663601 0.0359145 <.0001* 
Zpex Smile, 
Sandblasting Cercon®xt, Control 0.3472242 0.0368020 <.0001* 
Cercon®xt, Grinding 3YTZP, Grinding 0.3456596 0.0368020 <.0001* 
Cercon®xt, Grinding 3YTZP, Control 0.3436266 0.0368020 <.0001* 
Cercon®xt, 
Sandblasting Cercon®xt, Control 0.3331303 0.0362869 <.0001* 
Zpex Smile, Grinding Cercon®xt, Control 0.3144874 0.0368020 <.0001* 
Zpex Smile, Control Zpex, Control 0.3005981 0.0368020 <.0001* 
Cercon®xt, Grinding Cercon®xt, Control 0.2753720 0.0368020 <.0001* 
Zpex Smile, Control Zpex, Sandblasting 0.2681458 0.0368020 <.0001* 
Zpex Smile, Control 3YTZP, Sandblasting 0.2451619 0.0368020 <.0001* 
Zpex Smile, Control Zpex, Grinding 0.2442587 0.0359145 <.0001* 
Zpex Smile, Control 3YTZP, Grinding 0.2235581 0.0368020 <.0001* 
Zpex Smile, Control 3YTZP, Control 0.2215252 0.0368020 <.0001* 
Zpex Smile, 
Sandblasting Zpex Smile, Control 0.1939537 0.0368020 <.0001* 
Cercon®xt, 




Zpex Smile, Grinding Zpex Smile, Control 0.1612168 0.0368020 0.0013* 
Zpex Smile, Control Cercon®xt, Control 0.1532705 0.0368020 0.0030* 
Cercon®xt, Control Zpex, Control 0.1473275 0.0368020 0.0054* 
Cercon®xt, Grinding Zpex Smile, Control 0.1221014 0.0368020 0.0505 
Cercon®xt, Control Zpex, Sandblasting 0.1148753 0.0368020 0.0871 
Cercon®xt, Control 3YTZP, Sandblasting 0.0918913 0.0368020 0.3503 
Cercon®xt, Control Zpex, Grinding 0.0909882 0.0359145 0.3280 
3YTZP, Control Zpex, Control 0.0790729 0.0368020 0.5891 
3YTZP, Grinding Zpex, Control 0.0770400 0.0368020 0.6283 
Zpex Smile, 
Sandblasting Cercon®xt , Grinding 0.0718522 0.0368020 0.7242 
Cercon®xt , Control 3YTZP, Grinding 0.0702876 0.0368020 0.7512 
Cercon®xt , Control 3YTZP, Control 0.0682546 0.0368020 0.7846 
Cercon®xt , 
Sandblasting Cercon®xt , Grinding 0.0577583 0.0362869 0.9095 
Zpex, Grinding Zpex, Control 0.0563394 0.0359145 0.9175 
3YTZP, Sandblasting Zpex, Control 0.0554362 0.0368020 0.9367 
3YTZP, Control Zpex, Sandblasting 0.0466207 0.0368020 0.9819 
3YTZP, Grinding Zpex, Sandblasting 0.0445877 0.0368020 0.9873 
Zpex Smile, Grinding Cercon®xt, Grinding 0.0391154 0.0368020 0.9957 
Zpex Smile, 
Sandblasting Zpex Smile, Grinding 0.0327368 0.0368020 0.9991 
Zpex, Sandblasting Zpex, Control 0.0324522 0.0368020 0.9992 
Zpex, Grinding Zpex, Sandblasting 0.0238871 0.0359145 0.9999 
3YTZP, Control 3YTZP, Sandblasting 0.0236367 0.0368020 1.0000 
3YTZP, Sandblasting Zpex, Sandblasting 0.0229840 0.0368020 1.0000 
3YTZP, Control Zpex, Grinding 0.0227335 0.0359145 1.0000 
3YTZP, Grinding 3YTZP, Sandblasting 0.0216038 0.0368020 1.0000 
3YTZP, Grinding Zpex, Grinding 0.0207006 0.0359145 1.0000 
Cercon®xt, 




Sandblasting 0.0140940 0.0362869 1.0000 
3YTZP, Control 3YTZP, Grinding 0.0020329 0.0368020 1.0000 
Zpex, Grinding 3YTZP, Sandblasting 0.0009032 0.0359145 1.0000 
 
Table A 46: Level of significance of the effect of surface treatments and the fraction 
of cubic phase of all materials as sintered groups 
Level - Level Difference p-Value 
Zpex Smile, Grinding Zpex, Control 0.4725874 <.0001* 
Zpex Smile, Grinding Zpex, Sandblasting 0.4644939 <.0001* 
Zpex Smile, Grinding Zpex, Grinding 0.4544864 <.0001* 
Zpex Smile,Grinding 3YTZP, Control 0.4454574 <.0001* 




Cercon®xt ,Sandblasting Zpex, Control 0.4144188 <.0001* 
Zpex Smile,Grinding 3YTZP, Grinding 0.4088258 <.0001* 
Cercon®xt ,Sandblasting Zpex, Sandblasting 0.4063253 <.0001* 
Cercon®xt ,Grinding Zpex, Control 0.3972786 <.0001* 
Cercon®xt ,Sandblasting Zpex, Grinding 0.3963178 <.0001* 
Cercon®xt ,Grinding Zpex, Sandblasting 0.3891851 <.0001* 
Cercon®xt ,Sandblasting 3YTZP, Control 0.3872889 <.0001* 
Cercon®xt ,Grinding Zpex, Grinding 0.3791775 <.0001* 
Cercon®xt ,Grinding 3YTZP,Control 0.3701486 <.0001* 
Cercon®xt ,Sandblasting 3YTZP,Sandblasting 0.3594329 <.0001* 
Cercon®xt ,Sandblasting 3YTZP,Grinding 0.3506573 <.0001* 
Cercon®xt ,Grinding 3YTZP,Sandblasting 0.3422926 <.0001* 
Cercon®xt ,Grinding 3YTZP,Grinding 0.3335170 <.0001* 
Zpex Smile,Sandblasting Zpex,Control 0.3188630 0.0001* 
Zpex Smile,Sandblasting Zpex,Sandblasting 0.3107695 0.0002* 
Zpex Smile,Sandblasting Zpex,Grinding 0.3007620 <.0001* 
Zpex Smile,Control Zpex,Control 0.2933066 0.0003* 
Zpex Smile,Sandblasting 3YTZP,Control 0.2917330 0.0003* 
Zpex Smile,Control Zpex,Sandblasting 0.2852131 0.0004* 
Zpex Smile,Control Zpex,Grinding 0.2752055 0.0002* 
Zpex Smile,Control 3YTZP,Control 0.2661766 0.0008* 
Zpex Smile,Sandblasting 3YTZP,Sandblasting 0.2638770 0.0009* 
Zpex Smile,Sandblasting 3YTZP,Grinding 0.2551015 0.0012* 
Zpex Smile,Grinding Cercon®xt ,Control 0.2500203 0.0014* 
Zpex Smile,Control 3YTZP,Sandblasting 0.2383206 0.0022* 
Zpex Smile,Control 3YTZP,Grinding 0.2295450 0.0030* 
Cercon®xt ,Control Zpex,Control 0.2225671 0.0039* 
Cercon®xt ,Control Zpex,Sandblasting 0.2144736 0.0051* 
Cercon®xt ,Control Zpex,Grinding 0.2044661 0.0031* 
Cercon®xt ,Control 3YTZP,Control 0.1954371 0.0098* 
Cercon®xt ,Sandblasting Cercon®xt ,Control 0.1918517 0.0111* 
Zpex Smile,Grinding Zpex Smile,Control 0.1792808 0.0168* 
Cercon®xt ,Grinding Cercon®xt ,Control 0.1747115 0.0195* 
Cercon®xt ,Control 3YTZP,Sandblasting 0.1675811 0.0245* 
Cercon®xt ,Control 3YTZP,Grinding 0.1588056 0.0322* 
Zpex Smile,Grinding Zpex Smile,Sandblasting 0.1537244 0.0376* 
Cercon®xt ,Sandblasting Zpex Smile,Control 0.1211123 0.0962 
Cercon®xt ,Grinding Zpex Smile,Control 0.1039720 0.1504 
Zpex Smile,Sandblasting Cercon®xt ,Control 0.0962959 0.1816 




Cercon®xt ,Grinding Zpex Smile,Sandblasting 0.0784156 0.2739 
Zpex Smile,Grinding Cercon®xt ,Grinding 0.0753088 0.2929 
Zpex Smile,Control Cercon®xt ,Control 0.0707395 0.3226 
3YTZP,Grinding Zpex,Control 0.0637615 0.3718 
Zpex Smile,Grinding Cercon®xt ,Sandblasting 0.0581685 0.4146 
3YTZP,Grinding Zpex,Sandblasting 0.0556680 0.4347 
3YTZP,Sandblasting Zpex,Control 0.0549860 0.4403 
3YTZP,Sandblasting Zpex,Sandblasting 0.0468925 0.5098 
3YTZP,Grinding Zpex,Grinding 0.0456605 0.4733 
3YTZP,Sandblasting Zpex,Grinding 0.0368849 0.5617 
3YTZP,Grinding 3YTZP,Control 0.0366315 0.6060 
3YTZP,Sandblasting 3YTZP,Control 0.0278560 0.6946 
3YTZP,Control Zpex,Control 0.0271300 0.7021 
Zpex Smile,Sandblasting Zpex Smile,Control 0.0255564 0.7186 
3YTZP,Control Zpex,Sandblasting 0.0190365 0.7883 
Zpex,Grinding Zpex,Control 0.0181010 0.7753 
Cercon®xt ,Sandblasting Cercon®xt ,Grinding 0.0171403 0.8089 
Zpex,Grinding Zpex,Sandblasting 0.0100075 0.8745 
3YTZP,Control Zpex,Grinding 0.0090290 0.8867 
3YTZP,Grinding 3YTZP,Sandblasting 0.0087756 0.9014 
Zpex,Sandblasting Zpex,Control 0.0080935 0.9090 
 
Table A 47: Level of significance of aging process effect on cubic phase of all 
materials groups 
Level - Level Difference Std Err Dif p-Value 
Zpex Smile,1 YR Zpex,RT 0.4613430 0.0455857 <.0001* 
Zpex Smile,5 HT Zpex,RT 0.4606197 0.0455857 <.0001* 
Zpex Smile,1 YR Zpex,5 HT 0.4539650 0.0475112 <.0001* 
Zpex Smile,5 HT Zpex,5 HT 0.4532417 0.0475112 <.0001* 
Zpex Smile,1 YR Zpex,24 HT 0.4470569 0.0475112 <.0001* 
Zpex Smile,5 HT Zpex,24 HT 0.4463336 0.0475112 <.0001* 
Zpex Smile,24 HT Zpex,RT 0.4409470 0.0455857 <.0001* 
Zpex Smile,1 YR Zpex,168 HT 0.4396077 0.0475112 <.0001* 
Zpex Smile,5 HT Zpex,168 HT 0.4388844 0.0475112 <.0001* 
Zpex Smile,24 HT Zpex,5 HT 0.4335690 0.0475112 <.0001* 
Zpex Smile,24 HT Zpex,24 HT 0.4266609 0.0475112 <.0001* 
Zpex Smile,24 HT Zpex,168 HT 0.4192117 0.0475112 <.0001* 
Zpex Smile,1 YR 3YTZP,RT 0.4160505 0.0475112 <.0001* 
Zpex Smile,5 HT 3YTZP,RT 0.4153271 0.0475112 <.0001* 
Zpex Smile,1 YR 3YTZP,1 YR 0.4093880 0.0475112 <.0001* 
Zpex Smile,5 HT 3YTZP,1 YR 0.4086647 0.0475112 <.0001* 




Zpex Smile,5 HT Zpex,1 YR 0.3967026 0.0475112 <.0001* 
Zpex Smile,24 HT 3YTZP,RT 0.3956544 0.0475112 <.0001* 
Cercon®xt ,24 HT Zpex,RT 0.3955261 0.0455857 <.0001* 
Zpex Smile,1 YR 3YTZP,5 HT 0.3954063 0.0475112 <.0001* 
Zpex Smile,5 HT 3YTZP,5 HT 0.3946829 0.0475112 <.0001* 
Zpex Smile,24 HT 3YTZP,1 YR 0.3889920 0.0475112 <.0001* 
Zpex Smile,1 YR 3YTZP,24 HT 0.3887371 0.0475112 <.0001* 
Cercon®xt ,24 HT Zpex,5 HT 0.3881481 0.0475112 <.0001* 
Zpex Smile,5 HT 3YTZP,24 HT 0.3880137 0.0475112 <.0001* 
Zpex Smile,1 YR 3YTZP,168 HT 0.3852211 0.0475112 <.0001* 
Zpex Smile,5 HT 3YTZP,168 HT 0.3844977 0.0475112 <.0001* 
Cercon®xt ,24 HT Zpex,24 HT 0.3812400 0.0475112 <.0001* 
Zpex Smile,24 HT Zpex,1 YR 0.3770300 0.0475112 <.0001* 
Zpex Smile,24 HT 3YTZP,5 HT 0.3750103 0.0475112 <.0001* 
Cercon®xt ,24 HT Zpex,168 HT 0.3737908 0.0475112 <.0001* 
Zpex Smile,24 HT 3YTZP,24 HT 0.3683411 0.0475112 <.0001* 
Cercon®xt ,5 HT Zpex,RT 0.3653297 0.0455857 <.0001* 
Zpex Smile,24 HT 3YTZP,168 HT 0.3648250 0.0475112 <.0001* 
Zpex Smile,RT Zpex,RT 0.3582524 0.0455857 <.0001* 
Cercon®xt ,5 HT Zpex,5 HT 0.3579518 0.0475112 <.0001* 
Cercon®xt ,5 HT Zpex,24 HT 0.3510437 0.0475112 <.0001* 
Zpex Smile,RT Zpex,5 HT 0.3508744 0.0475112 <.0001* 
Cercon®xt ,24 HT 3YTZP,RT 0.3502336 0.0475112 <.0001* 
Cercon®xt ,1 YR Zpex,RT 0.3494761 0.0455857 <.0001* 
Zpex Smile,RT Zpex,24 HT 0.3439663 0.0475112 <.0001* 
Cercon®xt ,5 HT Zpex,168 HT 0.3435945 0.0475112 <.0001* 
Cercon®xt ,24 HT 3YTZP,1 YR 0.3435711 0.0475112 <.0001* 
Cercon®xt ,1 YR Zpex,5 HT 0.3420981 0.0475112 <.0001* 
Zpex Smile,RT Zpex,168 HT 0.3365171 0.0475112 <.0001* 
Cercon®xt ,1 YR Zpex,24 HT 0.3351900 0.0475112 <.0001* 
Zpex Smile,168 HT Zpex,RT 0.3331096 0.0455857 <.0001* 
Cercon®xt ,24 HT Zpex,1 YR 0.3316091 0.0475112 <.0001* 
Cercon®xt ,24 HT 3YTZP,5 HT 0.3295894 0.0475112 <.0001* 
Cercon®xt ,1 YR Zpex,168 HT 0.3277408 0.0475112 <.0001* 
Zpex Smile,168 HT Zpex,5 HT 0.3257316 0.0475112 <.0001* 
Cercon®xt ,24 HT 3YTZP,24 HT 0.3229202 0.0475112 <.0001* 
Cercon®xt ,RT Zpex,RT 0.3207549 0.0444986 <.0001* 
Cercon®xt ,5 HT 3YTZP,RT 0.3200372 0.0475112 <.0001* 
Cercon®xt ,24 HT 3YTZP,168 HT 0.3194041 0.0475112 <.0001* 
Zpex Smile,168 HT Zpex,24 HT 0.3188235 0.0475112 <.0001* 
Cercon®xt ,RT Zpex,5 HT 0.3133769 0.0463977 <.0001* 
Cercon®xt ,5 HT 3YTZP,1 YR 0.3133748 0.0475112 <.0001* 
Zpex Smile,RT 3YTZP,RT 0.3129598 0.0475112 <.0001* 
Zpex Smile,168 HT Zpex,168 HT 0.3113743 0.0475112 <.0001* 




Zpex Smile,RT 3YTZP,1 YR 0.3062974 0.0475112 <.0001* 
Cercon®xt ,1 YR 3YTZP,RT 0.3041835 0.0475112 <.0001* 
Cercon®xt ,5 HT Zpex,1 YR 0.3014127 0.0475112 <.0001* 
Cercon®xt ,5 HT 3YTZP,5 HT 0.2993930 0.0475112 <.0001* 
Cercon®xt ,RT Zpex,168 HT 0.2990196 0.0463977 <.0001* 
Cercon®xt ,1 YR 3YTZP,1 YR 0.2975211 0.0475112 <.0001* 
Zpex Smile,RT Zpex,1 YR 0.2943353 0.0475112 <.0001* 
Cercon®xt ,5 HT 3YTZP,24 HT 0.2927238 0.0475112 <.0001* 
Zpex Smile,RT 3YTZP,5 HT 0.2923156 0.0475112 <.0001* 
Cercon®xt ,5 HT 3YTZP,168 HT 0.2892078 0.0475112 <.0001* 
Zpex Smile,168 HT 3YTZP,RT 0.2878170 0.0475112 <.0001* 
Zpex Smile,RT 3YTZP,24 HT 0.2856464 0.0475112 <.0001* 
Cercon®xt ,1 YR Zpex,1 YR 0.2855591 0.0475112 <.0001* 
Cercon®xt ,1 YR 3YTZP,5 HT 0.2835394 0.0475112 <.0001* 
Zpex Smile,RT 3YTZP,168 HT 0.2821304 0.0475112 <.0001* 
Zpex Smile,168 HT 3YTZP,1 YR 0.2811546 0.0475112 <.0001* 
Cercon®xt ,168 HT Zpex,RT 0.2790516 0.0455857 <.0001* 
Cercon®xt ,1 YR 3YTZP,24 HT 0.2768702 0.0475112 <.0001* 
Cercon®xt ,RT 3YTZP,RT 0.2754624 0.0463977 <.0001* 
Cercon®xt ,1 YR 3YTZP,168 HT 0.2733541 0.0475112 <.0001* 
Cercon®xt ,168 HT Zpex,5 HT 0.2716736 0.0475112 <.0001* 
Zpex Smile,168 HT Zpex,1 YR 0.2691925 0.0475112 <.0001* 
Cercon®xt ,RT 3YTZP,1 YR 0.2687999 0.0463977 <.0001* 
Zpex Smile,168 HT 3YTZP,5 HT 0.2671728 0.0475112 <.0001* 
Cercon®xt ,168 HT Zpex,24 HT 0.2647655 0.0475112 <.0001* 
Zpex Smile,168 HT 3YTZP,24 HT 0.2605036 0.0475112 <.0001* 
Cercon®xt ,168 HT Zpex,168 HT 0.2573163 0.0475112 <.0001* 
Zpex Smile,168 HT 3YTZP,168 HT 0.2569876 0.0475112 <.0001* 
Cercon®xt ,RT Zpex,1 YR 0.2568379 0.0463977 <.0001* 
Cercon®xt ,RT 3YTZP,5 HT 0.2548182 0.0463977 <.0001* 
Cercon®xt ,RT 3YTZP,24 HT 0.2481490 0.0463977 <.0001* 
Cercon®xt ,RT 3YTZP,168 HT 0.2446330 0.0463977 <.0001* 
Cercon®xt ,168 HT 3YTZP,RT 0.2337591 0.0475112 0.0004* 
Cercon®xt ,168 HT 3YTZP,1 YR 0.2270966 0.0475112 0.0007* 
Cercon®xt, 168 HT Zpex,1 YR 0.2151346 0.0475112 0.0020* 
Cercon®xt ,168 HT 3YTZP,5 HT 0.2131149 0.0475112 0.0023* 
Cercon®xt ,168 HT 3YTZP,24 HT 0.2064457 0.0475112 0.0040* 
Cercon®xt ,168 HT 3YTZP,168 HT 0.2029297 0.0475112 0.0053* 
Zpex Smile,1 YR Cercon®xt ,168 HT 0.1822914 0.0475112 0.0244* 
Zpex Smile,5 HT Cercon®xt ,168 HT 0.1815681 0.0475112 0.0256* 
Zpex Smile,24 HT Cercon®xt ,168 HT 0.1618954 0.0475112 0.0898 
Zpex Smile,1 YR Cercon®xt ,RT 0.1405881 0.0463977 0.2305 
Zpex Smile,5 HT Cercon®xt ,RT 0.1398648 0.0463977 0.2385 
Zpex Smile,1 YR Zpex Smile,168 HT 0.1282335 0.0475112 0.4373 




Zpex Smile,24 HT Cercon®xt ,RT 0.1201921 0.0463977 0.5175 
Cercon®xt ,24 HT Cercon®xt ,168 HT 0.1164745 0.0475112 0.6223 
Zpex Smile,1 YR Cercon®xt ,1 YR 0.1118669 0.0475112 0.6933 
Zpex Smile,5 HT Cercon®xt ,1 YR 0.1111436 0.0475112 0.7040 
Zpex Smile,24 HT Zpex Smile,168 HT 0.1078374 0.0475112 0.7515 
Zpex Smile,1 YR Zpex Smile,RT 0.1030906 0.0475112 0.8134 
Zpex Smile,5 HT Zpex Smile,RT 0.1023673 0.0475112 0.8221 
Zpex Smile,1 YR Cercon®xt ,5 HT 0.0960133 0.0475112 0.8886 
Zpex Smile,5 HT Cercon®xt ,5 HT 0.0952899 0.0475112 0.8950 
Zpex Smile,24 HT Cercon®xt ,1 YR 0.0914709 0.0475112 0.9250 
Cercon®xt ,5 HT Cercon®xt ,168 HT 0.0862781 0.0475112 0.9555 
Zpex Smile,24 HT Zpex Smile,RT 0.0826946 0.0475112 0.9704 
Zpex Smile,RT Cercon®xt ,168 HT 0.0792008 0.0475112 0.9809 
3YTZP,168 HT Zpex,RT 0.0761219 0.0455857 0.9806 
Zpex Smile,24 HT Cercon®xt ,5 HT 0.0756173 0.0475112 0.9884 
Cercon®xt ,24 HT Cercon®xt ,RT 0.0747712 0.0463977 0.9867 
3YTZP,24 HT Zpex,RT 0.0726059 0.0455857 0.9883 
Cercon®xt ,1 YR Cercon®xt ,168 HT 0.0704245 0.0475112 0.9949 
3YTZP,168 HT Zpex,5 HT 0.0687440 0.0475112 0.9962 
3YTZP,5 HT Zpex,RT 0.0659367 0.0455857 0.9962 
Zpex Smile,1 YR Cercon®xt ,24 HT 0.0658169 0.0475112 0.9978 
3YTZP,24 HT Zpex,5 HT 0.0652279 0.0475112 0.9980 
Zpex Smile,5 HT Cercon®xt ,24 HT 0.0650936 0.0475112 0.9981 
Zpex,1 YR Zpex,RT 0.0639170 0.0455857 0.9974 
Cercon®xt ,24 HT Zpex Smile,168 HT 0.0624165 0.0475112 0.9989 
3YTZP,168 HT Zpex,24 HT 0.0618359 0.0475112 0.9990 
3YTZP,5 HT Zpex,5 HT 0.0585587 0.0475112 0.9995 
3YTZP,24 HT Zpex,24 HT 0.0583199 0.0475112 0.9996 
Zpex,1 YR Zpex,5 HT 0.0565390 0.0475112 0.9997 
3YTZP,168 HT Zpex,168 HT 0.0543867 0.0475112 0.9998 
Zpex Smile,168 HT Cercon®xt ,168 HT 0.0540580 0.0475112 0.9998 
3YTZP,1 YR Zpex,RT 0.0519550 0.0455857 0.9998 
3YTZP,5 HT Zpex,24 HT 0.0516507 0.0475112 0.9999 
3YTZP,24 HT Zpex,168 HT 0.0508706 0.0475112 0.9999 
Zpex,1 YR Zpex,24 HT 0.0496310 0.0475112 1.0000 
Cercon®xt ,24 HT Cercon®xt ,1 YR 0.0460500 0.0475112 1.0000 
Zpex Smile,24 HT Cercon®xt ,24 HT 0.0454209 0.0475112 1.0000 
3YTZP,RT Zpex,RT 0.0452925 0.0455857 1.0000 
3YTZP,1 YR Zpex,5 HT 0.0445770 0.0475112 1.0000 
Cercon®xt ,5 HT Cercon®xt ,RT 0.0445748 0.0463977 1.0000 
3YTZP,5 HT Zpex,168 HT 0.0442014 0.0475112 1.0000 
Zpex,1 YR Zpex,168 HT 0.0421817 0.0475112 1.0000 
Cercon®xt ,RT Cercon®xt ,168 HT 0.0417033 0.0463977 1.0000 
3YTZP,RT Zpex,5 HT 0.0379146 0.0475112 1.0000 




Zpex Smile,RT Cercon®xt ,RT 0.0374975 0.0463977 1.0000 
Cercon®xt ,24 HT Zpex Smile,RT 0.0372737 0.0475112 1.0000 
Cercon®xt ,5 HT Zpex Smile,168 HT 0.0322202 0.0475112 1.0000 
3YTZP,RT Zpex,24 HT 0.0310065 0.0475112 1.0000 
3YTZP,168 HT 3YTZP,RT 0.0308294 0.0475112 1.0000 
3YTZP,1 YR Zpex,168 HT 0.0302197 0.0475112 1.0000 
Cercon®xt ,24 HT Cercon®xt ,5 HT 0.0301964 0.0475112 1.0000 
Cercon®xt ,1 YR Cercon®xt ,RT 0.0287212 0.0463977 1.0000 
3YTZP,24 HT 3YTZP,RT 0.0273134 0.0475112 1.0000 
Zpex Smile,RT Zpex Smile,168 HT 0.0251428 0.0475112 1.0000 
3YTZP,168 HT 3YTZP,1 YR 0.0241670 0.0475112 1.0000 
3YTZP,RT Zpex,168 HT 0.0235573 0.0475112 1.0000 
Zpex,168 HT Zpex,RT 0.0217353 0.0455857 1.0000 
3YTZP,24 HT 3YTZP,1 YR 0.0206509 0.0475112 1.0000 
3YTZP,5 HT 3YTZP,RT 0.0206442 0.0475112 1.0000 
Zpex Smile,1 YR Zpex Smile,24 HT 0.0203960 0.0475112 1.0000 
Zpex Smile,5 HT Zpex Smile,24 HT 0.0196727 0.0475112 1.0000 
Zpex,1 YR 3YTZP,RT 0.0186245 0.0475112 1.0000 
Cercon®xt ,1 YR Zpex Smile,168 HT 0.0163665 0.0475112 1.0000 
Cercon®xt ,5 HT Cercon®xt ,1 YR 0.0158537 0.0475112 1.0000 
Zpex,168 HT Zpex,5 HT 0.0143573 0.0475112 1.0000 
Zpex,24 HT Zpex,RT 0.0142861 0.0455857 1.0000 
3YTZP,5 HT 3YTZP,1 YR 0.0139817 0.0475112 1.0000 
Zpex Smile,168 HT Cercon®xt ,RT 0.0123546 0.0463977 1.0000 
3YTZP,168 HT Zpex,1 YR 0.0122049 0.0475112 1.0000 
Zpex,1 YR 3YTZP,1 YR 0.0119620 0.0475112 1.0000 
3YTZP,168 HT 3YTZP,5 HT 0.0101852 0.0475112 1.0000 
Zpex Smile,RT Cercon®xt ,1 YR 0.0087763 0.0475112 1.0000 
3YTZP,24 HT Zpex,1 YR 0.0086889 0.0475112 1.0000 
Zpex,168 HT Zpex,24 HT 0.0074492 0.0475112 1.0000 
Zpex,5 HT Zpex,RT 0.0073780 0.0455857 1.0000 
Cercon®xt ,5 HT Zpex Smile,RT 0.0070774 0.0475112 1.0000 
Zpex,24 HT Zpex,5 HT 0.0069081 0.0475112 1.0000 
3YTZP,24 HT 3YTZP,5 HT 0.0066692 0.0475112 1.0000 
3YTZP,1 YR 3YTZP,RT 0.0066624 0.0475112 1.0000 
3YTZP,168 HT 3YTZP,24 HT 0.0035160 0.0475112 1.0000 
3YTZP,5 HT Zpex,1 YR 0.0020197 0.0475112 1.0000 






Table A 48: Level of significance of aging process and the fraction of cubic phase of 
all materials as sintered groups 
Level - Level Difference p-Value 
Zpex Smile,5 HT Zpex,24 HT 0.3879150 <.0001* 
Zpex Smile,24 HT Zpex,24 HT 0.3617787 <.0001* 
Zpex Smile,5 HT Zpex,5 HT 0.3560477 <.0001* 
Zpex Smile,RT Zpex,24 HT 0.3478491 <.0001* 
Zpex Smile,5 HT Zpex,RT 0.3333724 <.0001* 
Zpex Smile,5 HT Zpex,1 YR 0.3327790 <.0001* 
Zpex Smile,1 YR Zpex,24 HT 0.3319016 <.0001* 
Zpex Smile,24 HT Zpex,5 HT 0.3299114 <.0001* 
Zpex Smile,168 HT Zpex,24 HT 0.3222555 <.0001* 
Zpex Smile,RT Zpex,5 HT 0.3159819 <.0001* 
Zpex Smile,24 HT Zpex,RT 0.3072361 <.0001* 
Zpex Smile,24 HT Zpex,1 YR 0.3066427 <.0001* 
Zpex Smile,5 HT 3YTZP,RT 0.3062425 <.0001* 
Zpex Smile,1 YR Zpex,5 HT 0.3000344 <.0001* 
Zpex Smile,RT Zpex,RT 0.2933066 <.0001* 
Zpex Smile,RT Zpex,1 YR 0.2927131 <.0001* 
Zpex Smile,168 HT Zpex,5 HT 0.2903882 <.0001* 
Zpex Smile,5 HT Zpex,168 HT 0.2807513 <.0001* 
Zpex Smile,24 HT 3YTZP,RT 0.2801061 <.0001* 
Zpex Smile,1 YR Zpex,RT 0.2773591 <.0001* 
Cercon®xt ,RT Zpex,24 HT 0.2771097 <.0001* 
Zpex Smile,1 YR Zpex,1 YR 0.2767656 <.0001* 
Zpex Smile,168 HT Zpex,RT 0.2677129 <.0001* 
Zpex Smile,168 HT Zpex,1 YR 0.2671195 <.0001* 
Zpex Smile,5 HT 3YTZP,1 YR 0.2662477 <.0001* 
Zpex Smile,RT 3YTZP,RT 0.2661766 <.0001* 
Zpex Smile,5 HT 3YTZP,5 HT 0.2596095 <.0001* 
Zpex Smile,24 HT Zpex,168 HT 0.2546150 <.0001* 
Zpex Smile,5 HT 3YTZP,24 HT 0.2508811 <.0001* 
Zpex Smile,1 YR 3YTZP,RT 0.2502291 <.0001* 
Cercon®xt ,RT Zpex,5 HT 0.2452424 <.0001* 
Zpex Smile,RT Zpex,168 HT 0.2406854 <.0001* 
Zpex Smile,168 HT 3YTZP,RT 0.2405829 <.0001* 
Zpex Smile,24 HT 3YTZP,1 YR 0.2401114 <.0001* 
Zpex Smile,24 HT 3YTZP,5 HT 0.2334732 <.0001* 
Zpex Smile,5 HT Cercon®xt ,24 HT 0.2309388 <.0001* 




Zpex Smile,5 HT Cercon®xt ,5 HT 0.2261286 <.0001* 
Cercon®xt ,1 YR Zpex,24 HT 0.2257309 <.0001* 
Zpex Smile,24 HT 3YTZP,24 HT 0.2247447 <.0001* 
Zpex Smile,1 YR Zpex,168 HT 0.2247379 <.0001* 
Zpex Smile,5 HT Cercon®xt ,168 HT 0.2241709 <.0001* 
Cercon®xt ,RT Zpex,RT 0.2225671 <.0001* 
Cercon®xt ,RT Zpex,1 YR 0.2219737 <.0001* 
Zpex Smile,RT 3YTZP,5 HT 0.2195436 <.0001* 
Zpex Smile,168 HT Zpex,168 HT 0.2150918 <.0001* 
Zpex Smile,5 HT 3YTZP,168 HT 0.2125202 <.0001* 
Zpex Smile,RT 3YTZP,24 HT 0.2108152 <.0001* 
Zpex Smile,1 YR 3YTZP,1 YR 0.2102344 <.0001* 
Zpex Smile,24 HT Cercon®xt ,24 HT 0.2048025 <.0001* 
Zpex Smile,1 YR 3YTZP,5 HT 0.2035961 <.0001* 
Zpex Smile,168 HT 3YTZP,1 YR 0.2005882 <.0001* 
Zpex Smile,24 HT Cercon®xt ,5 HT 0.1999923 <.0001* 
Zpex Smile,24 HT Cercon®xt ,168 HT 0.1980346 <.0001* 
Cercon®xt ,RT 3YTZP,RT 0.1954371 <.0001* 
Zpex Smile,1 YR 3YTZP,24 HT 0.1948677 <.0001* 
Zpex Smile,168 HT 3YTZP,5 HT 0.1939500 <.0001* 
Cercon®xt ,1 YR Zpex,5 HT 0.1938636 <.0001* 
Zpex Smile,RT Cercon®xt ,24 HT 0.1908730 0.0001* 
Zpex Smile,24 HT 3YTZP,168 HT 0.1863838 0.0002* 
Zpex Smile,RT Cercon®xt ,5 HT 0.1860627 0.0002* 
Zpex Smile,168 HT 3YTZP,24 HT 0.1852216 0.0002* 
Zpex Smile,RT Cercon®xt ,168 HT 0.1841051 0.0002* 
3YTZP,168 HT Zpex,24 HT 0.1753949 0.0003* 
Zpex Smile,1 YR Cercon®xt ,24 HT 0.1749255 0.0004* 
Zpex Smile,RT 3YTZP,168 HT 0.1724543 0.0004* 
Cercon®xt ,1 YR Zpex,RT 0.1711883 0.0005* 
Cercon®xt ,1 YR Zpex,1 YR 0.1705949 0.0005* 
Zpex Smile,1 YR Cercon®xt ,5 HT 0.1701152 0.0005* 
Cercon®xt ,RT Zpex,168 HT 0.1699460 0.0005* 
Zpex Smile,1 YR Cercon®xt ,168 HT 0.1681576 0.0006* 
Zpex Smile,168 HT Cercon®xt ,24 HT 0.1652793 0.0007* 
Cercon®xt ,168 HT Zpex,24 HT 0.1637441 0.0008* 
Zpex Smile,5 HT Cercon®xt ,1 YR 0.1621841 0.0008* 
Cercon®xt ,5 HT Zpex,24 HT 0.1617864 0.0009* 
Zpex Smile,168 HT Cercon®xt ,5 HT 0.1604691 0.0009* 




Cercon®xt ,24 HT Zpex,24 HT 0.1569762 0.0012* 
Zpex Smile,1 YR 3YTZP,168 HT 0.1565068 0.0012* 
Cercon®xt ,RT 3YTZP,1 YR 0.1554424 0.0013* 
Cercon®xt ,RT 3YTZP,5 HT 0.1488042 0.0019* 
Zpex Smile,168 HT 3YTZP,168 HT 0.1468606 0.0022* 
Cercon®xt ,1 YR 3YTZP,RT 0.1440583 0.0026* 
3YTZP,168 HT Zpex,5 HT 0.1435276 0.0027* 
Cercon®xt ,RT 3YTZP,24 HT 0.1400757 0.0033* 
3YTZP,24 HT Zpex,24 HT 0.1370339 0.0040* 
Zpex Smile,24 HT Cercon®xt ,1 YR 0.1360478 0.0042* 
Cercon®xt ,168 HT Zpex,5 HT 0.1318768 0.0054* 
Cercon®xt ,5 HT Zpex,5 HT 0.1299192 0.0061* 
3YTZP,5 HT Zpex,24 HT 0.1283055 0.0067* 
Cercon®xt ,24 HT Zpex,5 HT 0.1251089 0.0081* 
Zpex Smile,RT Cercon®xt ,1 YR 0.1221182 0.0096* 
3YTZP,1 YR Zpex,24 HT 0.1216673 0.0098* 
3YTZP,168 HT Zpex,RT 0.1208523 0.0103* 
3YTZP,168 HT Zpex,1 YR 0.1202588 0.0106* 
Cercon®xt ,RT Cercon®xt ,24 HT 0.1201335 0.0107* 
Cercon®xt ,1 YR Zpex,168 HT 0.1185672 0.0117* 
Cercon®xt ,RT Cercon®xt ,5 HT 0.1153232 0.0140* 
Cercon®xt ,RT Cercon®xt ,168 HT 0.1133656 0.0156* 
Zpex Smile,5 HT Cercon®xt ,RT 0.1108053 0.0179* 
Cercon®xt ,168 HT Zpex,RT 0.1092015 0.0195* 
Cercon®xt ,168 HT Zpex,1 YR 0.1086081 0.0201* 
Cercon®xt ,5 HT Zpex,RT 0.1072439 0.0216* 
Zpex,168 HT Zpex,24 HT 0.1071637 0.0217* 
Cercon®xt ,5 HT Zpex,1 YR 0.1066504 0.0223* 
Zpex Smile,1 YR Cercon®xt ,1 YR 0.1061707 0.0229* 
3YTZP,24 HT Zpex,5 HT 0.1051667 0.0241* 
Cercon®xt ,1 YR 3YTZP,1 YR 0.1040636 0.0255* 
Cercon®xt ,24 HT Zpex,RT 0.1024336 0.0278* 
Cercon®xt ,24 HT Zpex,1 YR 0.1018402 0.0287* 
Cercon®xt ,RT 3YTZP,168 HT 0.1017148 0.0288* 
Cercon®xt ,1 YR 3YTZP,5 HT 0.0974254 0.0359* 
Zpex Smile,168 HT Cercon®xt ,1 YR 0.0965246 0.0375* 
3YTZP,5 HT Zpex,5 HT 0.0964382 0.0377* 
3YTZP,168 HT 3YTZP,RT 0.0937223 0.0431* 
3YTZP,1 YR Zpex,5 HT 0.0898000 0.0521 




Zpex Smile,24 HT Cercon®xt ,RT 0.0846690 0.0664 
3YTZP,24 HT Zpex,RT 0.0824914 0.0734 
Cercon®xt ,168 HT 3YTZP,RT 0.0820715 0.0748 
3YTZP,24 HT Zpex,1 YR 0.0818979 0.0754 
3YTZP,RT Zpex,24 HT 0.0816726 0.0761 
Cercon®xt ,5 HT 3YTZP,RT 0.0801139 0.0817 
Cercon®xt ,24 HT 3YTZP,RT 0.0753036 0.1010 
Zpex,168 HT Zpex,5 HT 0.0752964 0.1010 
3YTZP,5 HT Zpex,RT 0.0737629 0.1079 
3YTZP,5 HT Zpex,1 YR 0.0731695 0.1107 
Zpex Smile,RT Cercon®xt ,RT 0.0707395 0.1227 
Cercon®xt ,1 YR Cercon®xt ,24 HT 0.0687547 0.1332 
3YTZP,168 HT Zpex,168 HT 0.0682312 0.1361 
3YTZP,1 YR Zpex,RT 0.0671247 0.1424 
3YTZP,1 YR Zpex,1 YR 0.0665313 0.1459 
Zpex Smile,5 HT Zpex Smile,168 HT 0.0656595 0.1511 
Cercon®xt ,1 YR Cercon®xt ,5 HT 0.0639445 0.1618 
Cercon®xt ,1 YR Cercon®xt ,168 HT 0.0619868 0.1747 
Cercon®xt ,168 HT Zpex,168 HT 0.0565804 0.2145 
Zpex Smile,5 HT Zpex Smile,1 YR 0.0560134 0.2190 
3YTZP,24 HT 3YTZP,RT 0.0553614 0.2244 
Zpex,1 YR Zpex,24 HT 0.0551360 0.2262 
Zpex Smile,1 YR Cercon®xt ,RT 0.0547920 0.2291 
Cercon®xt ,5 HT Zpex,168 HT 0.0546227 0.2305 
Zpex,RT Zpex,24 HT 0.0545426 0.2312 
3YTZP,168 HT 3YTZP,1 YR 0.0537276 0.2381 
Zpex,168 HT Zpex,RT 0.0526211 0.2477 
Zpex,168 HT Zpex,1 YR 0.0520277 0.2530 
Cercon®xt ,RT Cercon®xt ,1 YR 0.0513788 0.2589 
Cercon®xt ,1 YR 3YTZP,168 HT 0.0503360 0.2685 
Cercon®xt ,24 HT Zpex,168 HT 0.0498125 0.2734 
3YTZP,RT Zpex,5 HT 0.0498053 0.2735 
3YTZP,168 HT 3YTZP,5 HT 0.0470894 0.3001 
3YTZP,5 HT 3YTZP,RT 0.0466330 0.3048 
Zpex Smile,168 HT Cercon®xt ,RT 0.0451458 0.3203 
Cercon®xt ,168 HT 3YTZP,1 YR 0.0420768 0.3539 
Cercon®xt ,5 HT 3YTZP,1 YR 0.0401192 0.3765 
Zpex Smile,5 HT Zpex Smile,RT 0.0400659 0.3771 
3YTZP,1 YR 3YTZP,RT 0.0399947 0.3780 




3YTZP,168 HT 3YTZP,24 HT 0.0383609 0.3976 
Cercon®xt ,168 HT 3YTZP,5 HT 0.0354386 0.4342 
Cercon®xt ,24 HT 3YTZP,1 YR 0.0353089 0.4359 
Cercon®xt ,5 HT 3YTZP,5 HT 0.0334809 0.4598 
Zpex,5 HT Zpex,24 HT 0.0318673 0.4816 
Zpex Smile,24 HT Zpex Smile,1 YR 0.0298770 0.5092 
3YTZP,24 HT Zpex,168 HT 0.0298702 0.5093 
Cercon®xt ,24 HT 3YTZP,5 HT 0.0286707 0.5264 
3YTZP,RT Zpex,RT 0.0271300 0.5487 
Cercon®xt ,168 HT 3YTZP,24 HT 0.0267101 0.5549 
3YTZP,RT Zpex,1 YR 0.0265365 0.5575 
Zpex Smile,5 HT Zpex Smile,24 HT 0.0261363 0.5634 
Zpex Smile,RT Zpex Smile,168 HT 0.0255936 0.5715 
Zpex,168 HT 3YTZP,RT 0.0254912 0.5730 
Cercon®xt ,5 HT 3YTZP,24 HT 0.0247525 0.5842 
Zpex,1 YR Zpex,5 HT 0.0232687 0.6068 
Zpex,RT Zpex,5 HT 0.0226753 0.6160 
3YTZP,5 HT Zpex,168 HT 0.0211418 0.6400 
Cercon®xt ,24 HT 3YTZP,24 HT 0.0199422 0.6590 
3YTZP,168 HT Cercon®xt ,24 HT 0.0184187 0.6836 
Zpex Smile,RT Zpex Smile,1 YR 0.0159475 0.7241 
3YTZP,24 HT 3YTZP,1 YR 0.0153667 0.7337 
3YTZP,1 YR Zpex,168 HT 0.0145036 0.7481 
Zpex Smile,24 HT Zpex Smile,RT 0.0139295 0.7578 
3YTZP,168 HT Cercon®xt ,5 HT 0.0136084 0.7632 
3YTZP,168 HT Cercon®xt ,168 HT 0.0116508 0.7964 
Zpex Smile,1 YR Zpex Smile,168 HT 0.0096461 0.8308 
3YTZP,24 HT 3YTZP,5 HT 0.0087284 0.8467 
Cercon®xt ,168 HT Cercon®xt ,24 HT 0.0067679 0.8808 
3YTZP,5 HT 3YTZP,1 YR 0.0066382 0.8831 
Cercon®xt ,5 HT Cercon®xt ,24 HT 0.0048103 0.9151 
Cercon®xt ,168 HT Cercon®xt ,5 HT 0.0019576 0.9654 
Zpex,1 YR Zpex,RT 0.0005934 0.9895 
 
Table A 49: Level of significance of aging process and the fraction of cubic phase of 
all materials grinding groups 
Level - Level Difference p-Value 
Zpex Smile,5 HT Zpex,168 HT 0.5103638 <.0001* 
Zpex Smile,1 YR Zpex,168 HT 0.4882471 <.0001* 




Zpex Smile,RT Zpex,168 HT 0.4813307 <.0001* 
Cercon®xt ,1 YR Zpex,168 HT 0.4691810 <.0001* 
Zpex Smile,5 HT Zpex,24 HT 0.4627680 <.0001* 
Zpex Smile,1 YR Zpex,RT 0.4614028 <.0001* 
Zpex Smile,RT Zpex,RT 0.4544864 <.0001* 
Cercon®xt ,24 HT Zpex,168 HT 0.4512128 <.0001* 
Zpex Smile,5 HT 3YTZP,24 HT 0.4480856 <.0001* 
Zpex Smile,5 HT Zpex,5 HT 0.4427003 <.0001* 
Cercon®xt ,1 YR Zpex,RT 0.4423366 <.0001* 
Zpex Smile,1 YR Zpex,24 HT 0.4406513 <.0001* 
Zpex Smile,5 HT 3YTZP,RT 0.4378589 <.0001* 
Zpex Smile,RT Zpex,24 HT 0.4337349 <.0001* 
Zpex Smile,5 HT 3YTZP,5 HT 0.4318330 <.0001* 
Cercon®xt ,168 HT Zpex,168 HT 0.4300606 <.0001* 
Zpex Smile,24 HT Zpex,168 HT 0.4283946 <.0001* 
Zpex Smile,5 HT 3YTZP,168 HT 0.4263947 <.0001* 
Zpex Smile,1 YR 3YTZP,24 HT 0.4259689 <.0001* 
Cercon®xt ,24 HT Zpex,RT 0.4243685 <.0001* 
Cercon®xt ,1 YR Zpex,24 HT 0.4215851 0.0001* 
Zpex Smile,1 YR Zpex,5 HT 0.4205837 0.0001* 
Zpex Smile,168 HT Zpex,168 HT 0.4204518 0.0001* 
Zpex Smile,RT 3YTZP,24 HT 0.4190525 0.0001* 
Zpex Smile,1 YR 3YTZP,RT 0.4157423 0.0001* 
Zpex Smile,RT Zpex,5 HT 0.4136673 0.0001* 
Zpex Smile,1 YR 3YTZP,5 HT 0.4097163 0.0001* 
Zpex Smile,RT 3YTZP,RT 0.4088258 0.0002* 
Cercon®xt ,1 YR 3YTZP,24 HT 0.4069028 0.0002* 
Cercon®xt ,RT Zpex,168 HT 0.4060219 0.0002* 
Zpex Smile,1 YR 3YTZP,168 HT 0.4042780 0.0002* 
Cercon®xt ,24 HT Zpex,24 HT 0.4036170 0.0002* 
Cercon®xt ,168 HT Zpex,RT 0.4032163 <.0001* 
Zpex Smile,RT 3YTZP,5 HT 0.4027999 0.0002* 
Zpex Smile,5 HT 3YTZP,1 YR 0.4027336 0.0002* 
Zpex Smile,24 HT Zpex,RT 0.4015502 <.0001* 
Cercon®xt ,1 YR Zpex,5 HT 0.4015175 0.0002* 
Zpex Smile,RT 3YTZP,168 HT 0.3973616 0.0002* 
Cercon®xt ,1 YR 3YTZP,RT 0.3966761 0.0002* 
Zpex Smile,168 HT Zpex,RT 0.3936075 <.0001* 
Cercon®xt ,1 YR 3YTZP,5 HT 0.3906502 0.0003* 




Cercon®xt ,1 YR 3YTZP,168 HT 0.3852118 0.0003* 
Cercon®xt ,24 HT Zpex,5 HT 0.3835494 0.0003* 
Cercon®xt ,168 HT Zpex,24 HT 0.3824648 0.0003* 
Zpex Smile,24 HT Zpex,24 HT 0.3807987 0.0004* 
Zpex Smile,1 YR 3YTZP,1 YR 0.3806169 0.0004* 
Cercon®xt ,RT Zpex,RT 0.3791775 <.0001* 
Cercon®xt ,24 HT 3YTZP,RT 0.3787079 0.0004* 
Cercon®xt ,5 HT Zpex,168 HT 0.3767347 0.0004* 
Zpex Smile,RT 3YTZP,1 YR 0.3737005 0.0004* 
Zpex Smile,168 HT Zpex,24 HT 0.3728560 0.0005* 
Cercon®xt ,24 HT 3YTZP,5 HT 0.3726820 0.0005* 
Cercon®xt ,168 HT 3YTZP,24 HT 0.3677824 0.0005* 
Cercon®xt ,24 HT 3YTZP,168 HT 0.3672437 0.0005* 
Zpex Smile,24 HT 3YTZP,24 HT 0.3661163 0.0006* 
Cercon®xt ,168 HT Zpex,5 HT 0.3623972 0.0006* 
Cercon®xt ,1 YR 3YTZP,1 YR 0.3615508 0.0006* 
Zpex Smile,24 HT Zpex,5 HT 0.3607311 0.0007* 
Cercon®xt ,RT Zpex,24 HT 0.3584261 0.0007* 
Zpex Smile,168 HT 3YTZP,24 HT 0.3581736 0.0007* 
Cercon®xt ,168 HT 3YTZP,RT 0.3575558 0.0007* 
Zpex Smile,24 HT 3YTZP,RT 0.3558897 0.0008* 
Zpex Smile,168 HT Zpex,5 HT 0.3527884 0.0008* 
Cercon®xt ,168 HT 3YTZP,5 HT 0.3515298 0.0009* 
Cercon®xt ,5 HT Zpex,RT 0.3498903 0.0003* 
Zpex Smile,24 HT 3YTZP,5 HT 0.3498637 0.0009* 
Zpex Smile,168 HT 3YTZP,RT 0.3479470 0.0010* 
Cercon®xt ,168 HT 3YTZP,168 HT 0.3460915 0.0010* 
Zpex Smile,24 HT 3YTZP,168 HT 0.3444254 0.0011* 
Cercon®xt ,RT 3YTZP,24 HT 0.3437437 0.0011* 
Cercon®xt ,24 HT 3YTZP,1 YR 0.3435826 0.0011* 
Zpex Smile,168 HT 3YTZP,5 HT 0.3419210 0.0012* 
Cercon®xt ,RT Zpex,5 HT 0.3383585 0.0013* 
Zpex Smile,168 HT 3YTZP,168 HT 0.3364827 0.0014* 
Zpex Smile,5 HT Zpex,1 YR 0.3348624 0.0014* 
Cercon®xt ,RT 3YTZP,RT 0.3335170 0.0015* 
Cercon®xt ,5 HT Zpex,24 HT 0.3291389 0.0017* 
Cercon®xt ,RT 3YTZP,5 HT 0.3274911 0.0018* 
Cercon®xt ,168 HT 3YTZP,1 YR 0.3224304 0.0021* 
Cercon®xt ,RT 3YTZP,168 HT 0.3220528 0.0021* 




Cercon®xt ,5 HT 3YTZP,24 HT 0.3144565 0.0026* 
Zpex Smile,168 HT 3YTZP,1 YR 0.3128216 0.0027* 
Zpex Smile,1 YR Zpex,1 YR 0.3127457 0.0027* 
Cercon®xt ,5 HT Zpex,5 HT 0.3090713 0.0030* 
Zpex Smile,RT Zpex,1 YR 0.3058293 0.0033* 
Cercon®xt ,5 HT 3YTZP,RT 0.3042298 0.0034* 
Cercon®xt ,RT 3YTZP,1 YR 0.2983917 0.0040* 
Cercon®xt ,5 HT 3YTZP,5 HT 0.2982039 0.0041* 
Cercon®xt ,1 YR Zpex,1 YR 0.2936796 0.0046* 
Cercon®xt ,5 HT 3YTZP,168 HT 0.2927656 0.0047* 
Cercon®xt ,24 HT Zpex,1 YR 0.2757114 0.0075* 
Cercon®xt ,5 HT 3YTZP,1 YR 0.2691045 0.0089* 
Cercon®xt ,168 HT Zpex,1 YR 0.2545592 0.0130* 
Zpex Smile,24 HT Zpex,1 YR 0.2528932 0.0135* 
Zpex Smile,168 HT Zpex,1 YR 0.2449504 0.0165* 
Cercon®xt ,RT Zpex,1 YR 0.2305205 0.0236* 
Cercon®xt ,5 HT Zpex,1 YR 0.2012333 0.0465* 
Zpex,1 YR Zpex,168 HT 0.1755014 0.0809 
Zpex,1 YR Zpex,RT 0.1486570 0.0977 
Zpex Smile,5 HT Cercon®xt ,5 HT 0.1336291 0.1804 
Zpex,1 YR Zpex,24 HT 0.1279055 0.1994 
Zpex,1 YR 3YTZP,24 HT 0.1132232 0.2550 
Zpex Smile,1 YR Cercon®xt ,5 HT 0.1115124 0.2621 
Zpex,1 YR Zpex,5 HT 0.1078379 0.2780 
3YTZP,1 YR Zpex,168 HT 0.1076302 0.2789 
Zpex Smile,RT Cercon®xt ,5 HT 0.1045960 0.2925 
Zpex Smile,5 HT Cercon®xt ,RT 0.1043419 0.2936 
Zpex,1 YR 3YTZP,RT 0.1029965 0.2998 
Zpex,1 YR 3YTZP,5 HT 0.0969705 0.3286 
Cercon®xt ,1 YR Cercon®xt ,5 HT 0.0924463 0.3514 
Zpex,1 YR 3YTZP,168 HT 0.0915322 0.3562 
Zpex Smile,5 HT Zpex Smile,168 HT 0.0899120 0.3647 
3YTZP,168 HT Zpex,168 HT 0.0839692 0.3969 
Zpex Smile,1 YR Cercon®xt ,RT 0.0822252 0.4067 
Zpex Smile,5 HT Zpex Smile,24 HT 0.0819692 0.4082 
3YTZP,1 YR Zpex,RT 0.0807858 0.3625 
Zpex Smile,5 HT Cercon®xt ,168 HT 0.0803032 0.4177 
3YTZP,5 HT Zpex,168 HT 0.0785308 0.4280 
Zpex Smile,RT Cercon®xt ,RT 0.0753088 0.4470 




3YTZP,RT Zpex,168 HT 0.0725049 0.4640 
Zpex,1 YR 3YTZP,1 YR 0.0678712 0.4929 
Zpex Smile,1 YR Zpex Smile,168 HT 0.0677953 0.4934 
Zpex,5 HT Zpex,168 HT 0.0676635 0.4942 
Cercon®xt ,1 YR Cercon®xt ,RT 0.0631591 0.5232 
3YTZP,24 HT Zpex,168 HT 0.0622782 0.5290 
Zpex Smile,RT Zpex Smile,168 HT 0.0608789 0.5383 
3YTZP,1 YR Zpex,24 HT 0.0600344 0.5439 
Zpex Smile,1 YR Zpex Smile,24 HT 0.0598526 0.5451 
Zpex Smile,5 HT Cercon®xt ,24 HT 0.0591510 0.5498 
Zpex Smile,1 YR Cercon®xt ,168 HT 0.0581865 0.5563 
3YTZP,168 HT Zpex,RT 0.0571248 0.5186 
Cercon®xt ,168 HT Cercon®xt ,5 HT 0.0533259 0.5896 
Zpex Smile,RT Zpex Smile,24 HT 0.0529362 0.5924 
3YTZP,5 HT Zpex,RT 0.0516865 0.5590 
Zpex Smile,24 HT Cercon®xt ,5 HT 0.0516598 0.6013 
Zpex Smile,RT Cercon®xt ,168 HT 0.0512701 0.6040 
Cercon®xt ,1 YR Zpex Smile,168 HT 0.0487292 0.6220 
Zpex,24 HT Zpex,168 HT 0.0475959 0.6301 
3YTZP,RT Zpex,RT 0.0456605 0.6056 
3YTZP,1 YR 3YTZP,24 HT 0.0453520 0.6463 
Cercon®xt ,24 HT Cercon®xt ,RT 0.0451909 0.6475 
Zpex Smile,168 HT Cercon®xt ,5 HT 0.0437171 0.6582 
Zpex Smile,5 HT Cercon®xt ,1 YR 0.0411828 0.6768 
Zpex,5 HT Zpex,RT 0.0408191 0.6442 
Cercon®xt ,1 YR Zpex Smile,24 HT 0.0407864 0.6797 
3YTZP,1 YR Zpex,5 HT 0.0399667 0.6858 
Cercon®xt ,1 YR Cercon®xt ,168 HT 0.0391204 0.6921 
Zpex Smile,1 YR Cercon®xt ,24 HT 0.0370343 0.7077 
3YTZP,168 HT Zpex,24 HT 0.0363733 0.7127 
3YTZP,24 HT Zpex,RT 0.0354338 0.6884 
3YTZP,1 YR 3YTZP,RT 0.0351253 0.7221 
3YTZP,5 HT Zpex,24 HT 0.0309350 0.7541 
Cercon®xt ,24 HT Zpex Smile,168 HT 0.0307610 0.7554 
Zpex Smile,RT Cercon®xt ,24 HT 0.0301179 0.7604 
Cercon®xt ,RT Cercon®xt ,5 HT 0.0292872 0.7668 
3YTZP,1 YR 3YTZP,5 HT 0.0290994 0.7682 
Zpex Smile,5 HT Zpex Smile,RT 0.0290331 0.7687 
Zpex,RT Zpex,168 HT 0.0268444 0.7612 




Cercon®xt ,168 HT Cercon®xt ,RT 0.0240387 0.8076 
3YTZP,1 YR 3YTZP,168 HT 0.0236611 0.8106 
Cercon®xt ,24 HT Zpex Smile,24 HT 0.0228183 0.8172 
Zpex Smile,24 HT Cercon®xt ,RT 0.0223726 0.8207 
Zpex Smile,5 HT Zpex Smile,1 YR 0.0221167 0.8227 
3YTZP,168 HT 3YTZP,24 HT 0.0216909 0.8261 
Cercon®xt ,24 HT Cercon®xt ,168 HT 0.0211522 0.8303 
Zpex,24 HT Zpex,RT 0.0207515 0.8142 
Zpex,5 HT Zpex,24 HT 0.0200676 0.8389 
Zpex Smile,1 YR Cercon®xt ,1 YR 0.0190661 0.8469 
Cercon®xt ,1 YR Cercon®xt ,24 HT 0.0179682 0.8556 
3YTZP,168 HT Zpex,5 HT 0.0163057 0.8688 
3YTZP,5 HT 3YTZP,24 HT 0.0162526 0.8692 
3YTZP,24 HT Zpex,24 HT 0.0146824 0.8818 
Zpex Smile,168 HT Cercon®xt ,RT 0.0144299 0.8838 
Zpex Smile,RT Cercon®xt ,1 YR 0.0121497 0.9020 
3YTZP,168 HT 3YTZP,RT 0.0114643 0.9075 
3YTZP,5 HT Zpex,5 HT 0.0108674 0.9123 
3YTZP,RT 3YTZP,24 HT 0.0102267 0.9175 
Cercon®xt ,168 HT Zpex Smile,168 HT 0.0096088 0.9224 
Zpex Smile,24 HT Zpex Smile,168 HT 0.0079427 0.9359 
Zpex Smile,1 YR Zpex Smile,RT 0.0069164 0.9441 
3YTZP,5 HT 3YTZP,RT 0.0060260 0.9513 
3YTZP,168 HT 3YTZP,5 HT 0.0054383 0.9561 
Zpex,5 HT 3YTZP,24 HT 0.0053852 0.9565 
3YTZP,RT Zpex,5 HT 0.0048414 0.9609 
Cercon®xt ,168 HT Zpex Smile,24 HT 0.0016661 0.9865 
 
Table A 50: Level of significance of aging process and the fraction of cubic phase of 
all materials sandblasting groups 
Level - Level Difference p-Value 
Cercon®xt ,24 HT Zpex,5 HT 0.6557861 <.0001* 
Cercon®xt ,24 HT 3YTZP,1 YR 0.6518218 <.0001* 
Cercon®xt ,24 HT Zpex,RT 0.6435815 <.0001* 
Zpex Smile,1 YR Zpex,5 HT 0.6412771 <.0001* 
Zpex Smile,1 YR 3YTZP,1 YR 0.6373128 <.0001* 
Cercon®xt ,5 HT Zpex,5 HT 0.6348649 <.0001* 
Cercon®xt ,5 HT 3YTZP,1 YR 0.6309006 <.0001* 
Zpex Smile,1 YR Zpex,RT 0.6290725 <.0001* 




Cercon®xt ,24 HT Zpex,168 HT 0.6203471 <.0001* 
Cercon®xt ,24 HT Zpex,1 YR 0.6172756 <.0001* 
Zpex Smile,24 HT Zpex,5 HT 0.6100645 <.0001* 
Cercon®xt ,24 HT 3YTZP,168 HT 0.6093875 <.0001* 
Zpex Smile,24 HT 3YTZP,1 YR 0.6061003 <.0001* 
Zpex Smile,1 YR Zpex,168 HT 0.6058381 <.0001* 
Zpex Smile,1 YR Zpex,1 YR 0.6027666 <.0001* 
Cercon®xt ,5 HT Zpex,168 HT 0.5994259 <.0001* 
Zpex Smile,24 HT Zpex,RT 0.5978600 <.0001* 
Cercon®xt ,24 HT 3YTZP,RT 0.5966891 <.0001* 
Cercon®xt ,5 HT Zpex,1 YR 0.5963544 <.0001* 
Zpex Smile,1 YR 3YTZP,168 HT 0.5948785 <.0001* 
Cercon®xt ,5 HT 3YTZP,168 HT 0.5884663 <.0001* 
Cercon®xt ,24 HT 3YTZP,5 HT 0.5874155 <.0001* 
Cercon®xt ,24 HT Zpex,24 HT 0.5831269 <.0001* 
Zpex Smile,1 YR 3YTZP,RT 0.5821801 <.0001* 
Cercon®xt ,5 HT 3YTZP,RT 0.5757679 <.0001* 
Zpex Smile,24 HT Zpex,168 HT 0.5746256 <.0001* 
Zpex Smile,1 YR 3YTZP,5 HT 0.5729064 <.0001* 
Zpex Smile,24 HT Zpex,1 YR 0.5715541 <.0001* 
Zpex Smile,1 YR Zpex,24 HT 0.5686179 <.0001* 
Cercon®xt ,5 HT 3YTZP,5 HT 0.5664942 <.0001* 
Zpex Smile,24 HT 3YTZP,168 HT 0.5636659 <.0001* 
Cercon®xt ,5 HT Zpex,24 HT 0.5622057 <.0001* 
Zpex Smile,5 HT Zpex,5 HT 0.5609770 <.0001* 
Cercon®xt ,24 HT 3YTZP,24 HT 0.5598837 <.0001* 
Zpex Smile,5 HT 3YTZP,1 YR 0.5570127 <.0001* 
Zpex Smile,24 HT 3YTZP,RT 0.5509675 <.0001* 
Zpex Smile,5 HT Zpex,RT 0.5487724 <.0001* 
Zpex Smile,1 YR 3YTZP,24 HT 0.5453747 <.0001* 
Zpex Smile,24 HT 3YTZP,5 HT 0.5416939 <.0001* 
Cercon®xt ,5 HT 3YTZP,24 HT 0.5389625 <.0001* 
Zpex Smile,24 HT Zpex,24 HT 0.5374054 <.0001* 
Zpex Smile,5 HT Zpex,168 HT 0.5255380 <.0001* 
Zpex Smile,5 HT Zpex,1 YR 0.5224665 <.0001* 
Zpex Smile,5 HT 3YTZP,168 HT 0.5145783 <.0001* 
Zpex Smile,24 HT 3YTZP,24 HT 0.5141621 <.0001* 
Zpex Smile,5 HT 3YTZP,RT 0.5018800 <.0001* 
Zpex Smile,5 HT 3YTZP,5 HT 0.4926063 <.0001* 




Zpex Smile,5 HT 3YTZP,24 HT 0.4650745 <.0001* 
Cercon®xt ,1 YR Zpex,5 HT 0.4309132 <.0001* 
Cercon®xt ,1 YR 3YTZP,1 YR 0.4269489 <.0001* 
Cercon®xt ,1 YR Zpex,RT 0.4187086 <.0001* 
Cercon®xt ,1 YR Zpex,168 HT 0.3954742 <.0001* 
Cercon®xt ,1 YR Zpex,1 YR 0.3924027 <.0001* 
Cercon®xt ,1 YR 3YTZP,168 HT 0.3845146 <.0001* 
Cercon®xt ,1 YR 3YTZP,RT 0.3718162 0.0001* 
Cercon®xt ,RT Zpex,5 HT 0.3697147 <.0001* 
Cercon®xt ,RT 3YTZP,1 YR 0.3657504 <.0001* 
Cercon®xt ,1 YR 3YTZP,5 HT 0.3625425 0.0001* 
Cercon®xt ,1 YR Zpex,24 HT 0.3582540 0.0002* 
Cercon®xt ,RT Zpex,RT 0.3575101 <.0001* 
Cercon®xt ,24 HT Cercon®xt ,168 HT 0.3350392 0.0004* 
Cercon®xt ,1 YR 3YTZP,24 HT 0.3350108 0.0004* 
Cercon®xt ,RT Zpex,168 HT 0.3342757 0.0002* 
Zpex Smile,168 HT Zpex,5 HT 0.3340181 0.0004* 
Cercon®xt ,24 HT Zpex Smile,RT 0.3328120 0.0004* 
Cercon®xt ,RT Zpex,1 YR 0.3312042 0.0002* 
Zpex Smile,168 HT 3YTZP,1 YR 0.3300539 0.0005* 
Cercon®xt ,RT 3YTZP,168 HT 0.3233161 0.0003* 
Zpex Smile,RT Zpex,5 HT 0.3229741 0.0006* 
Zpex Smile,168 HT Zpex,RT 0.3218136 0.0006* 
Cercon®xt ,24 HT Zpex Smile,168 HT 0.3217680 0.0006* 
Cercon®xt ,168 HT Zpex,5 HT 0.3207469 0.0006* 
Zpex Smile,1 YR Cercon®xt ,168 HT 0.3205302 0.0006* 
Zpex Smile,RT 3YTZP,1 YR 0.3190098 0.0007* 
Zpex Smile,1 YR Zpex Smile,RT 0.3183030 0.0007* 
Cercon®xt ,168 HT 3YTZP,1 YR 0.3167826 0.0007* 
Cercon®xt ,5 HT Cercon®xt ,168 HT 0.3141180 0.0008* 
Cercon®xt ,5 HT Zpex Smile,RT 0.3118908 0.0009* 
Zpex Smile,RT Zpex,RT 0.3107695 0.0009* 
Cercon®xt ,RT 3YTZP,RT 0.3106177 0.0004* 
Cercon®xt ,168 HT Zpex,RT 0.3085423 0.0010* 
Zpex Smile,1 YR Zpex Smile,168 HT 0.3072590 0.0010* 
Cercon®xt ,RT 3YTZP,5 HT 0.3013440 0.0006* 
Cercon®xt ,5 HT Zpex Smile,168 HT 0.3008468 0.0012* 
Zpex Smile,168 HT Zpex,168 HT 0.2985791 0.0013* 
Cercon®xt ,RT Zpex,24 HT 0.2970555 0.0007* 




Zpex Smile,24 HT Cercon®xt ,168 HT 0.2893177 0.0018* 
Zpex Smile,168 HT 3YTZP,168 HT 0.2876195 0.0019* 
Zpex Smile,RT Zpex,168 HT 0.2875351 0.0019* 
Zpex Smile,24 HT Zpex Smile,RT 0.2870905 0.0020* 
Cercon®xt ,24 HT Cercon®xt ,RT 0.2860714 0.0011* 
Cercon®xt ,168 HT Zpex,168 HT 0.2853079 0.0021* 
Zpex Smile,RT Zpex,1 YR 0.2844636 0.0021* 
Cercon®xt ,168 HT Zpex,1 YR 0.2822364 0.0023* 
Zpex Smile,RT 3YTZP,168 HT 0.2765754 0.0027* 
Zpex Smile,24 HT Zpex Smile,168 HT 0.2760464 0.0028* 
Zpex Smile,168 HT 3YTZP,RT 0.2749211 0.0029* 
Cercon®xt ,168 HT 3YTZP,168 HT 0.2743483 0.0029* 
Cercon®xt ,RT 3YTZP,24 HT 0.2738123 0.0016* 
Zpex Smile,1 YR Cercon®xt ,RT 0.2715624 0.0018* 
Zpex Smile,168 HT 3YTZP,5 HT 0.2656475 0.0039* 
Cercon®xt ,5 HT Cercon®xt ,RT 0.2651502 0.0022* 
Zpex Smile,RT 3YTZP,RT 0.2638770 0.0041* 
Cercon®xt ,168 HT 3YTZP,RT 0.2616499 0.0044* 
Zpex Smile,168 HT Zpex,24 HT 0.2613590 0.0044* 
Zpex Smile,RT 3YTZP,5 HT 0.2546034 0.0054* 
Cercon®xt ,168 HT 3YTZP,5 HT 0.2523763 0.0058* 
Zpex Smile,RT Zpex,24 HT 0.2503149 0.0062* 
Cercon®xt ,168 HT Zpex,24 HT 0.2480877 0.0066* 
Zpex Smile,24 HT Cercon®xt ,RT 0.2403499 0.0051* 
Zpex Smile,5 HT Cercon®xt ,168 HT 0.2402301 0.0084* 
Zpex Smile,168 HT 3YTZP,24 HT 0.2381157 0.0089* 
Zpex Smile,5 HT Zpex Smile,RT 0.2380029 0.0090* 
Zpex Smile,RT 3YTZP,24 HT 0.2270716 0.0123* 
Zpex Smile,5 HT Zpex Smile,168 HT 0.2269588 0.0124* 
Cercon®xt ,24 HT Cercon®xt ,1 YR 0.2248729 0.0131* 
Cercon®xt ,168 HT 3YTZP,24 HT 0.2248445 0.0132* 
Zpex Smile,1 YR Cercon®xt ,1 YR 0.2103639 0.0198* 
Cercon®xt ,5 HT Cercon®xt ,1 YR 0.2039517 0.0236* 
Zpex Smile,5 HT Cercon®xt ,RT 0.1912623 0.0233* 
Zpex Smile,24 HT Cercon®xt ,1 YR 0.1791514 0.0452* 
Zpex Smile,5 HT Cercon®xt ,1 YR 0.1300638 0.1414 
Cercon®xt ,1 YR Cercon®xt ,168 HT 0.1101663 0.2112 
Cercon®xt ,1 YR Zpex Smile,RT 0.1079391 0.2204 
Cercon®xt ,1 YR Zpex Smile,168 HT 0.0968951 0.2704 




Cercon®xt ,24 HT Zpex Smile,5 HT 0.0948091 0.2807 
3YTZP,24 HT 3YTZP,1 YR 0.0919382 0.2953 
3YTZP,24 HT Zpex,RT 0.0836979 0.3402 
Zpex Smile,1 YR Zpex Smile,5 HT 0.0803001 0.3600 
Cercon®xt ,5 HT Zpex Smile,5 HT 0.0738879 0.3992 
Zpex,24 HT Zpex,5 HT 0.0726592 0.4070 
Zpex,24 HT 3YTZP,1 YR 0.0686949 0.4329 
3YTZP,5 HT Zpex,5 HT 0.0683706 0.4351 
3YTZP,5 HT 3YTZP,1 YR 0.0644064 0.4620 
Cercon®xt ,1 YR Cercon®xt ,RT 0.0611985 0.4550 
3YTZP,24 HT Zpex,168 HT 0.0604634 0.4897 
Zpex,24 HT Zpex,RT 0.0604546 0.4897 
3YTZP,RT Zpex,5 HT 0.0590970 0.4995 
3YTZP,24 HT Zpex,1 YR 0.0573919 0.5119 
3YTZP,5 HT Zpex,RT 0.0561661 0.5209 
3YTZP,RT 3YTZP,1 YR 0.0551327 0.5285 
3YTZP,24 HT 3YTZP,168 HT 0.0495038 0.5713 
Zpex Smile,24 HT Zpex Smile,5 HT 0.0490876 0.5745 
Cercon®xt ,RT Cercon®xt ,168 HT 0.0489678 0.5495 
3YTZP,RT Zpex,RT 0.0468925 0.5917 
Cercon®xt ,RT Zpex Smile,RT 0.0467406 0.5677 
3YTZP,168 HT Zpex,5 HT 0.0463986 0.5956 
Cercon®xt ,24 HT Zpex Smile,24 HT 0.0457216 0.6009 
3YTZP,168 HT 3YTZP,1 YR 0.0424344 0.6273 
Zpex,1 YR Zpex,5 HT 0.0385105 0.6594 
Zpex,24 HT Zpex,168 HT 0.0372202 0.6701 
3YTZP,24 HT 3YTZP,RT 0.0368054 0.6735 
Cercon®xt ,RT Zpex Smile,168 HT 0.0356966 0.6623 
Zpex,168 HT Zpex,5 HT 0.0354390 0.6850 
Zpex,1 YR 3YTZP,1 YR 0.0345462 0.6925 
3YTZP,168 HT Zpex,RT 0.0341941 0.6954 
Zpex,24 HT Zpex,1 YR 0.0341487 0.6958 
3YTZP,5 HT Zpex,168 HT 0.0329317 0.7061 
Zpex,168 HT 3YTZP,1 YR 0.0314747 0.7186 
Zpex Smile,1 YR Zpex Smile,24 HT 0.0312125 0.7208 
3YTZP,5 HT Zpex,1 YR 0.0298602 0.7324 
3YTZP,24 HT 3YTZP,5 HT 0.0275318 0.7525 
Zpex,1 YR Zpex,RT 0.0263059 0.7632 
Zpex,24 HT 3YTZP,168 HT 0.0262605 0.7636 




3YTZP,RT Zpex,168 HT 0.0236580 0.7864 
3YTZP,24 HT Zpex,24 HT 0.0232433 0.7901 
Zpex,168 HT Zpex,RT 0.0232344 0.7901 
3YTZP,5 HT 3YTZP,168 HT 0.0219720 0.8013 
Cercon®xt ,24 HT Cercon®xt ,5 HT 0.0209212 0.8106 
3YTZP,RT Zpex,1 YR 0.0205865 0.8136 
Cercon®xt ,24 HT Zpex Smile,1 YR 0.0145090 0.8680 
Zpex,24 HT 3YTZP,RT 0.0135621 0.8765 
Zpex Smile,168 HT Cercon®xt ,168 HT 0.0132712 0.8791 
3YTZP,RT 3YTZP,168 HT 0.0126984 0.8843 
Zpex,RT Zpex,5 HT 0.0122046 0.8888 
Zpex Smile,168 HT Zpex Smile,RT 0.0110441 0.8993 
3YTZP,168 HT Zpex,168 HT 0.0109596 0.9001 
3YTZP,5 HT 3YTZP,RT 0.0092736 0.9154 
Zpex,RT 3YTZP,1 YR 0.0082403 0.9248 
3YTZP,168 HT Zpex,1 YR 0.0078881 0.9280 
Zpex Smile,1 YR Cercon®xt ,5 HT 0.0064122 0.9414 
Zpex,24 HT 3YTZP,5 HT 0.0042885 0.9608 
3YTZP,1 YR Zpex,5 HT 0.0039643 0.9638 
Zpex,1 YR Zpex,168 HT 0.0030715 0.9719 
Zpex Smile,RT Cercon®xt ,168 HT 0.0022272 0.9796 
 
Table A 51: Level of significance of surface treatments effect on rhombohedral 
phase of all materials groups 





Cercon®xt, Grinding Cercon®xt, Control 0.3784568 0.0323770 <.0001* 
Cercon®xt, Grinding Zpex Smile, Control 0.3725921 0.0323770 <.0001* 
Cercon®xt, Grinding 3YTZP, Control 0.3289680 0.0323770 <.0001* 
Zpex Smile, Grinding Cercon®xt, Control 0.3272513 0.0323770 <.0001* 
Zpex Smile, 
Sandblasting Cercon®xt, Control 0.3268334 0.0323770 <.0001* 
Zpex Smile, Grinding Zpex Smile, Control 0.3213866 0.0323770 <.0001* 
Zpex Smile, 
Sandblasting Zpex Smile, Control 0.3209688 0.0323770 <.0001* 
Cercon®xt, Grinding Zpex, Control 0.3184677 0.0323770 <.0001* 
Zpex Smile, Grinding 3YTZP, Control 0.2777625 0.0323770 <.0001* 
Zpex Smile, 
Sandblasting 3YTZP, Control 0.2773446 0.0323770 <.0001* 
Zpex Smile, Grinding Zpex, Control 0.2672622 0.0323770 <.0001* 
Zpex Smile, 





Sandblasting Cercon®xt, Control 0.2635060 0.0319239 <.0001* 
Cercon®xt, 
Sandblasting Zpex Smile, Control 0.2576414 0.0319239 <.0001* 
Cercon®xt, Grinding Zpex, Grinding 0.2395583 0.0315963 <.0001* 
Cercon®xt, Grinding Zpex, Sandblasting 0.2335400 0.0323770 <.0001* 
Cercon®xt ,Grinding 3YTZP, Sandblasting 0.2222244 0.0323770 <.0001* 
Cercon®xt, 
Sandblasting 3YTZP, Control 0.2140172 0.0319239 <.0001* 
Cercon®xt, 
Sandblasting Zpex, Control 0.2035170 0.0319239 <.0001* 
3YTZP, Grinding Cercon®xt, Control 0.1982311 0.0323770 <.0001* 
3YTZP, Grinding Zpex Smile, Control 0.1923664 0.0323770 <.0001* 
Zpex Smile, Grinding Zpex, Grinding 0.1883529 0.0315963 <.0001* 
Zpex Smile, 
Sandblasting Zpex, Grinding 0.1879350 0.0315963 <.0001* 
Zpex Smile, Grinding Zpex, Sandblasting 0.1823345 0.0323770 <.0001* 
Zpex Smile, 
Sandblasting Zpex, Sandblasting 0.1819166 0.0323770 <.0001* 
Cercon®xt, Grinding 3YTZP, Grinding 0.1802257 0.0323770 <.0001* 
Zpex Smile, Grinding 3YTZP, Sandblasting 0.1710190 0.0323770 <.0001* 
Zpex Smile, 
Sandblasting 3YTZP, Sandblasting 0.1706011 0.0323770 <.0001* 
3YTZP, Sandblasting Cercon®xt, Control 0.1562323 0.0323770 0.0002* 
3YTZP, Sandblasting Zpex Smile, Control 0.1503677 0.0323770 0.0005* 
3YTZP, Grinding 3YTZP, Control 0.1487423 0.0323770 0.0006* 
Zpex, Sandblasting Cercon®xt, Control 0.1449168 0.0323770 0.0009* 
Zpex, Sandblasting Zpex Smile, Control 0.1390521 0.0323770 0.0018* 
Zpex, Grinding Cercon®xt, Control 0.1388985 0.0315963 0.0012* 
3YTZP, Grinding Zpex, Control 0.1382420 0.0323770 0.0020* 
Zpex, Grinding Zpex Smile, Control 0.1330338 0.0315963 0.0025* 
Zpex Smile, Grinding 3YTZP, Grinding 0.1290202 0.0323770 0.0058* 
Zpex Smile, 
Sandblasting 3YTZP, Grinding 0.1286024 0.0323770 0.0061* 
Cercon®xt, 
Sandblasting Zpex, Grinding 0.1246076 0.0311615 0.0055* 
Cercon®xt, 
Sandblasting Zpex, Sandblasting 0.1185892 0.0319239 0.0147* 
Cercon®xt, Grinding Cercon®xt, Sandblasting 0.1149507 0.0319239 0.0213* 
Cercon®xt, 
Sandblasting 3YTZP, Sandblasting 0.1072737 0.0319239 0.0446* 
3YTZP, Sandblasting 3YTZP, Control 0.1067435 0.0323770 0.0537 
3YTZP, Sandblasting Zpex, Control 0.0962433 0.0323770 0.1275 




Zpex, Grinding 3YTZP, Control 0.0894097 0.0315963 0.1787 
Zpex, Sandblasting Zpex, Control 0.0849277 0.0323770 0.2768 
Zpex, Grinding Zpex, Control 0.0789094 0.0315963 0.3500 
Cercon®xt, 
Sandblasting 3YTZP, Grinding 0.0652749 0.0319239 0.6622 




Sandblasting 0.0633274 0.0319239 0.7036 
Zpex, Control Cercon®xt, Control 0.0599891 0.0323770 0.7857 
3YTZP, Grinding Zpex, Grinding 0.0593326 0.0315963 0.7709 
Zpex, Control Zpex Smile, Control 0.0541244 0.0323770 0.8780 
3YTZP, Grinding Zpex, Sandblasting 0.0533143 0.0323770 0.8885 
Cercon®xt, Grinding Zpex Smile, Sandblasting 0.0516233 0.0323770 0.9085 
Cercon®xt, Grinding Zpex Smile, Grinding 0.0512054 0.0323770 0.9131 
3YTZP,Control Cercon®xt, Control 0.0494888 0.0323770 0.9302 
3YTZP, Control Zpex Smile, Control 0.0436241 0.0323770 0.9712 
3YTZP, Grinding 3YTZP, Sandblasting 0.0419988 0.0323770 0.9783 
3YTZP, Sandblasting Zpex, Grinding 0.0173339 0.0315963 1.0000 
3YTZP,Sandblasting Zpex, Sandblasting 0.0113155 0.0323770 1.0000 
Zpex, Control 3YTZP, Control 0.0105003 0.0323770 1.0000 
Zpex, Sandblasting Zpex, Grinding 0.0060183 0.0315963 1.0000 
Zpex Smile, Control Cercon®xt, Control 0.0058647 0.0323770 1.0000 
Zpex Smile, Grinding Zpex Smile, Sandblasting 0.0004179 0.0323770 1.0000 
 
Table A 52: Level of significance of the effect of surface treatments and the fraction 
of rhombohedral phase of all materials as sintered groups 
Level - Level Difference p-Value 
Cercon®xt ,Grinding Cercon®xt ,Control 0.3522681 <.0001* 
Cercon®xt ,Grinding Zpex Smile,Control 0.3511362 <.0001* 
Zpex Smile,Sandblasting Cercon®xt ,Control 0.3471113 <.0001* 
Zpex Smile,Sandblasting Zpex Smile,Control 0.3459794 <.0001* 
Cercon®xt ,Grinding Zpex,Control 0.3432232 <.0001* 
Zpex Smile,Sandblasting Zpex,Control 0.3380664 <.0001* 
Cercon®xt ,Grinding 3YTZP,Control 0.3370554 <.0001* 
Zpex Smile,Sandblasting 3YTZP,Control 0.3318986 <.0001* 
Zpex Smile,Grinding Cercon®xt ,Control 0.3166818 <.0001* 
Zpex Smile,Grinding Zpex Smile,Control 0.3155500 <.0001* 
Zpex Smile,Grinding Zpex,Control 0.3076369 0.0001* 
Zpex Smile,Grinding 3YTZP,Control 0.3014691 0.0002* 




Cercon®xt ,Sandblasting Zpex Smile,Control 0.2796662 0.0004* 
Cercon®xt ,Sandblasting Zpex,Control 0.2717532 0.0005* 
Cercon®xt ,Sandblasting 3YTZP,Control 0.2655854 0.0007* 
Cercon®xt ,Grinding 3YTZP,Sandblasting 0.2583237 0.0009* 
Zpex Smile,Sandblasting 3YTZP,Sandblasting 0.2531669 0.0011* 
3YTZP,Grinding Cercon®xt ,Control 0.2517868 0.0011* 
3YTZP,Grinding Zpex Smile,Control 0.2506550 0.0012* 
Cercon®xt ,Grinding Zpex,Sandblasting 0.2467156 0.0014* 
3YTZP,Grinding Zpex,Control 0.2427419 0.0016* 
Zpex Smile,Sandblasting Zpex,Sandblasting 0.2415587 0.0016* 
3YTZP,Grinding 3YTZP,Control 0.2365742 0.0020* 
Zpex Smile,Grinding 3YTZP,Sandblasting 0.2227374 0.0033* 
Zpex Smile,Grinding Zpex,Sandblasting 0.2111293 0.0050* 
Zpex,Grinding Cercon®xt ,Control 0.2079598 0.0023* 
Zpex,Grinding Zpex Smile,Control 0.2068280 0.0024* 
Zpex,Grinding Zpex,Control 0.1989149 0.0033* 
Zpex,Grinding 3YTZP,Control 0.1927472 0.0043* 
Cercon®xt ,Sandblasting 3YTZP,Sandblasting 0.1868537 0.0116* 
Cercon®xt ,Sandblasting Zpex,Sandblasting 0.1752456 0.0171* 
3YTZP,Grinding 3YTZP,Sandblasting 0.1578425 0.0301* 
3YTZP,Grinding Zpex,Sandblasting 0.1462343 0.0432* 
Cercon®xt ,Grinding Zpex,Grinding 0.1443082 0.0269* 
Zpex Smile,Sandblasting Zpex,Grinding 0.1391514 0.0323* 
Zpex,Grinding 3YTZP,Sandblasting 0.1140154 0.0753 
Zpex Smile,Grinding Zpex,Grinding 0.1087220 0.0890 
Zpex,Sandblasting Cercon®xt ,Control 0.1055525 0.1370 
Zpex,Sandblasting Zpex Smile,Control 0.1044207 0.1411 
Zpex,Grinding Zpex,Sandblasting 0.1024073 0.1080 
Cercon®xt ,Grinding 3YTZP,Grinding 0.1004812 0.1561 
Zpex,Sandblasting Zpex,Control 0.0965076 0.1725 
Zpex Smile,Sandblasting 3YTZP,Grinding 0.0953244 0.1776 
3YTZP,Sandblasting Cercon®xt ,Control 0.0939444 0.1837 
3YTZP,Sandblasting Zpex Smile,Control 0.0928126 0.1889 
Zpex,Sandblasting 3YTZP,Control 0.0903398 0.2006 
3YTZP,Sandblasting Zpex,Control 0.0848995 0.2282 
3YTZP,Sandblasting 3YTZP,Control 0.0787317 0.2628 
Cercon®xt ,Sandblasting Zpex,Grinding 0.0728382 0.2472 
Cercon®xt ,Grinding Cercon®xt ,Sandblasting 0.0714700 0.3084 
Zpex Smile,Sandblasting Cercon®xt ,Sandblasting 0.0663132 0.3439 




3YTZP,Grinding Zpex,Grinding 0.0438270 0.4826 
Zpex Smile,Grinding Cercon®xt ,Sandblasting 0.0358837 0.6063 
Cercon®xt ,Grinding Zpex Smile,Grinding 0.0355863 0.6093 
Zpex Smile,Sandblasting Zpex Smile,Grinding 0.0304295 0.6619 
Cercon®xt ,Sandblasting 3YTZP,Grinding 0.0290112 0.6767 
3YTZP,Control Cercon®xt ,Control 0.0152127 0.8267 
3YTZP,Control Zpex Smile,Control 0.0140808 0.8394 
Zpex,Sandblasting 3YTZP,Sandblasting 0.0116081 0.8673 
Zpex,Control Cercon®xt ,Control 0.0090449 0.8964 
Zpex,Control Zpex Smile,Control 0.0079131 0.9093 
3YTZP,Control Zpex,Control 0.0061678 0.9292 
Cercon®xt ,Grinding Zpex Smile,Sandblasting 0.0051568 0.9408 
Zpex Smile,Control Cercon®xt ,Control 0.0011318 0.9870 
 
Table A 53: Level of significance of aging process effect on rhombohedral phase of 
all materials groups 
Level - Level Difference Std Err Dif p-Value 
Zpex Smile,168 HT Zpex,168 HT 0.1926687 0.0417986 0.0014* 
Cercon®xt ,5 HT Zpex,168 HT 0.1829215 0.0417986 0.0036* 
Zpex Smile,24 HT Zpex,168 HT 0.1787858 0.0417986 0.0052* 
Zpex Smile,RT Zpex,168 HT 0.1777597 0.0417986 0.0057* 
Cercon®xt ,1 YR Zpex,168 HT 0.1755943 0.0417986 0.0069* 
Cercon®xt ,24 HT Zpex,168 HT 0.1736022 0.0417986 0.0082* 
Zpex Smile,1 YR Zpex,168 HT 0.1723187 0.0417986 0.0091* 
Zpex Smile,168 HT 3YTZP,168 HT 0.1706277 0.0417986 0.0105* 
Zpex Smile,168 HT 3YTZP,5 HT 0.1687742 0.0417986 0.0123* 
3YTZP,1 YR Zpex,168 HT 0.1619583 0.0417986 0.0215* 
Cercon®xt ,5 HT 3YTZP,168 HT 0.1608806 0.0417986 0.0234* 
Cercon®xt ,5 HT 3YTZP,5 HT 0.1590270 0.0417986 0.0271* 
3YTZP,24 HT Zpex,168 HT 0.1567680 0.0417986 0.0323* 
Zpex Smile,24 HT 3YTZP,168 HT 0.1567449 0.0417986 0.0323* 
Zpex Smile,RT 3YTZP,168 HT 0.1557188 0.0417986 0.0349* 
Cercon®xt ,168 HT Zpex,168 HT 0.1555896 0.0417986 0.0353* 
Zpex Smile,24 HT 3YTZP,5 HT 0.1548913 0.0417986 0.0372* 
Zpex Smile,RT 3YTZP,5 HT 0.1538652 0.0417986 0.0402* 
Cercon®xt ,1 YR 3YTZP,168 HT 0.1535533 0.0417986 0.0411* 
Cercon®xt ,1 YR 3YTZP,5 HT 0.1516998 0.0417986 0.0471* 
Cercon®xt ,24 HT 3YTZP,168 HT 0.1515612 0.0417986 0.0476* 
Zpex Smile,1 YR 3YTZP,168 HT 0.1502777 0.0417986 0.0522 
Cercon®xt ,RT Zpex,168 HT 0.1500711 0.0408190 0.0407* 
Cercon®xt ,24 HT 3YTZP,5 HT 0.1497077 0.0417986 0.0544 
Zpex Smile,1 YR 3YTZP,5 HT 0.1484242 0.0417986 0.0596 




Zpex Smile,168 HT Zpex,5 HT 0.1440785 0.0417986 0.0805 
3YTZP,1 YR 3YTZP,168 HT 0.1399173 0.0417986 0.1058 
3YTZP,1 YR 3YTZP,5 HT 0.1380637 0.0417986 0.1191 
3YTZP,24 HT 3YTZP,168 HT 0.1347271 0.0417986 0.1461 
Cercon®xt ,5 HT Zpex,5 HT 0.1343314 0.0417986 0.1496 
Cercon®xt ,168 HT 3YTZP,168 HT 0.1335487 0.0417986 0.1567 
3YTZP,24 HT 3YTZP,5 HT 0.1328735 0.0417986 0.1630 
Cercon®xt ,168 HT 3YTZP,5 HT 0.1316951 0.0417986 0.1745 
Zpex Smile,24 HT Zpex,5 HT 0.1301957 0.0417986 0.1900 
Zpex,24 HT Zpex,168 HT 0.1293195 0.0417986 0.1995 
Zpex Smile,RT Zpex,5 HT 0.1291696 0.0417986 0.2012 
Cercon®xt ,RT 3YTZP,168 HT 0.1280302 0.0408190 0.1805 
Cercon®xt ,1 YR Zpex,5 HT 0.1270042 0.0417986 0.2262 
Cercon®xt ,RT 3YTZP,5 HT 0.1261766 0.0408190 0.2008 
Cercon®xt ,24 HT Zpex,5 HT 0.1250121 0.0417986 0.2511 
Zpex Smile, 5 HT 3YTZP,168 HT 0.1241826 0.0417986 0.2619 
Zpex Smile, 1 YR Zpex,5 HT 0.1237286 0.0417986 0.2680 
Zpex Smile, 5 HT 3YTZP,5 HT 0.1223291 0.0417986 0.2872 
Zpex Smile, 168 HT Zpex,RT 0.1215764 0.0401046 0.2298 
Zpex Smile, 168 HT 3YTZP,RT 0.1162359 0.0417986 0.3798 
3YTZP, 1 YR Zpex,5 HT 0.1133681 0.0417986 0.4278 
Cercon®xt, 5 HT Zpex,RT 0.1118293 0.0401046 0.3747 
3YTZP, 24 HT Zpex,5 HT 0.1081779 0.0417986 0.5193 
Zpex Smile, 24 HT Zpex,RT 0.1076936 0.0401046 0.4472 
Zpex, 24 HT 3YTZP,168 HT 0.1072786 0.0417986 0.5355 
Cercon®xt, 168 HT Zpex,5 HT 0.1069995 0.0417986 0.5405 
Zpex Smile, RT Zpex,RT 0.1066675 0.0401046 0.4659 
Cercon®xt ,5 HT 3YTZP,RT 0.1064888 0.0417986 0.5498 
Zpex,24 HT 3YTZP,5 HT 0.1054250 0.0417986 0.5690 
Cercon®xt ,1 YR Zpex,RT 0.1045020 0.0401046 0.5060 
Cercon®xt ,24 HT Zpex,RT 0.1025099 0.0401046 0.5434 
Zpex Smile,24 HT 3YTZP,RT 0.1023531 0.0417986 0.6244 
Cercon®xt ,RT Zpex,5 HT 0.1014810 0.0408190 0.5963 
Zpex Smile,RT 3YTZP,RT 0.1013270 0.0417986 0.6426 
Zpex Smile,1 YR Zpex,RT 0.1012264 0.0401046 0.5676 
Zpex Smile,168 HT Zpex,1 YR 0.1008226 0.0417986 0.6515 
Cercon®xt ,1 YR 3YTZP,RT 0.0991615 0.0417986 0.6805 
Zpex Smile,5 HT Zpex,5 HT 0.0976334 0.0417986 0.7065 
Cercon®xt ,24 HT 3YTZP,RT 0.0971694 0.0417986 0.7142 
Zpex Smile,1 YR 3YTZP,RT 0.0958859 0.0417986 0.7353 
Zpex,1 YR Zpex,168 HT 0.0918461 0.0417986 0.7972 
Cercon®xt ,5 HT Zpex,1 YR 0.0910754 0.0417986 0.8082 
3YTZP,1 YR Zpex,RT 0.0908660 0.0401046 0.7542 
Zpex Smile,24 HT Zpex,1 YR 0.0869397 0.0417986 0.8614 




3YTZP,24 HT Zpex,RT 0.0856758 0.0401046 0.8323 
3YTZP,1 YR 3YTZP,RT 0.0855255 0.0417986 0.8774 
Cercon®xt ,168 HT Zpex,RT 0.0844974 0.0401046 0.8479 
Cercon®xt ,1 YR Zpex,1 YR 0.0837482 0.0417986 0.8959 
Cercon®xt ,24 HT Zpex,1 YR 0.0817561 0.0417986 0.9143 
Zpex,24 HT Zpex,5 HT 0.0807294 0.0417986 0.9229 
Zpex Smile,1 YR Zpex,1 YR 0.0804726 0.0417986 0.9250 
3YTZP,24 HT 3YTZP,RT 0.0803353 0.0417986 0.9260 
Cercon®xt ,168 HT 3YTZP,RT 0.0791569 0.0417986 0.9349 
Cercon®xt ,RT Zpex,RT 0.0789789 0.0391482 0.8901 
3YTZP,RT Zpex,168 HT 0.0764327 0.0417986 0.9525 
Zpex Smile,5 HT Zpex,RT 0.0751313 0.0401046 0.9408 
Cercon®xt ,RT 3YTZP,RT 0.0736384 0.0408190 0.9581 
Zpex,RT Zpex,168 HT 0.0710922 0.0401046 0.9646 
3YTZP,1 YR Zpex,1 YR 0.0701122 0.0417986 0.9797 
Zpex,1 YR 3YTZP,168 HT 0.0698051 0.0417986 0.9806 
Zpex Smile,5 HT 3YTZP,RT 0.0697908 0.0417986 0.9806 
Zpex,1 YR 3YTZP,5 HT 0.0679516 0.0417986 0.9854 
3YTZP,24 HT Zpex,1 YR 0.0649219 0.0417986 0.9912 
Cercon®xt ,168 HT Zpex,1 YR 0.0637436 0.0417986 0.9929 
Zpex Smile,168 HT Zpex,24 HT 0.0633491 0.0417986 0.9934 
Zpex,24 HT Zpex,RT 0.0582273 0.0401046 0.9960 
Cercon®xt ,RT Zpex,1 YR 0.0582250 0.0408190 0.9968 
3YTZP,RT 3YTZP,168 HT 0.0543918 0.0417986 0.9990 
Zpex Smile,5 HT Zpex,1 YR 0.0543775 0.0417986 0.9990 
Cercon®xt ,5 HT Zpex,24 HT 0.0536020 0.0417986 0.9992 
Zpex,24 HT 3YTZP,RT 0.0528868 0.0417986 0.9993 
3YTZP,RT 3YTZP,5 HT 0.0525382 0.0417986 0.9994 
Zpex Smile,24 HT Zpex,24 HT 0.0494663 0.0417986 0.9997 
Zpex, RT 3YTZP, 168 HT 0.0490513 0.0401046 0.9996 
Zpex, 5 HT Zpex,168 HT 0.0485901 0.0417986 0.9998 
Zpex Smile,RT Zpex, 24 HT 0.0484402 0.0417986 0.9998 
Zpex,RT 3YTZP, 5 HT 0.0471977 0.0401046 0.9998 
Zpex Smile,168 HT Zpex Smile, 5 HT 0.0464451 0.0417986 0.9999 
Cercon®xt ,1 YR Zpex, 24 HT 0.0462748 0.0417986 0.9999 
Cercon®xt ,24 HT Zpex,24 HT 0.0442826 0.0417986 0.9999 
Zpex,1 YR Zpex,5 HT 0.0432560 0.0417986 1.0000 
Zpex Smile,1 YR Zpex,24 HT 0.0429992 0.0417986 1.0000 
Zpex Smile,168 HT Cercon®xt ,RT 0.0425976 0.0408190 1.0000 
Zpex,24 HT Zpex,1 YR 0.0374734 0.0417986 1.0000 
Zpex Smile,168 HT Cercon®xt ,168 HT 0.0370790 0.0417986 1.0000 
Cercon®xt ,5 HT Zpex Smile,5 HT 0.0366980 0.0417986 1.0000 
Zpex Smile,168 HT 3YTZP,24 HT 0.0359006 0.0417986 1.0000 
Cercon®xt, 5 HT Cercon®xt, RT 0.0328504 0.0408190 1.0000 




Zpex Smile, 24 HT Zpex Smile, 5 HT 0.0325622 0.0417986 1.0000 
Zpex Smile, RT Zpex Smile,5 HT 0.0315362 0.0417986 1.0000 
Zpex Smile, 168 HT 3YTZP,1 YR 0.0307104 0.0417986 1.0000 
Cercon®xt, 1 YR Zpex Smile, 5 HT 0.0293707 0.0417986 1.0000 
Zpex Smile, 24 HT Cercon®xt, RT 0.0287147 0.0408190 1.0000 
3YTZP, RT Zpex, 5 HT 0.0278426 0.0417986 1.0000 
Zpex Smile, RT Cercon®xt, RT 0.0276886 0.0408190 1.0000 
3YTZP, 24 HT Zpex, 24 HT 0.0274485 0.0417986 1.0000 
Cercon®xt, 24 HT Zpex Smile, 5 HT 0.0273786 0.0417986 1.0000 
Cercon®xt, 5 HT Cercon®xt, 168 HT 0.0273319 0.0417986 1.0000 
Zpex, 5 HT 3YTZP, 168 HT 0.0265492 0.0417986 1.0000 
Cercon®xt, 168 HT Zpex, 24 HT 0.0262701 0.0417986 1.0000 
Cercon®xt , 5 HT 3YTZP, 24 HT 0.0261535 0.0417986 1.0000 
Zpex Smile,1 YR Zpex Smile,5 HT 0.0260951 0.0417986 1.0000 
Cercon®xt ,1 YR Cercon®xt ,RT 0.0255232 0.0408190 1.0000 
Zpex,5 HT 3YTZP,5 HT 0.0246956 0.0417986 1.0000 
3YTZP,5 HT Zpex,168 HT 0.0238945 0.0417986 1.0000 
Cercon®xt ,24 HT Cercon®xt ,RT 0.0235311 0.0408190 1.0000 
Zpex Smile,24 HT Cercon®xt ,168 HT 0.0231962 0.0417986 1.0000 
Zpex,RT Zpex,5 HT 0.0225021 0.0401046 1.0000 
Zpex Smile,1 YR Cercon®xt ,RT 0.0222476 0.0408190 1.0000 
Zpex Smile,RT Cercon®xt ,168 HT 0.0221701 0.0417986 1.0000 
3YTZP,168 HT Zpex,168 HT 0.0220409 0.0417986 1.0000 
Zpex Smile,24 HT 3YTZP,24 HT 0.0220178 0.0417986 1.0000 
Zpex Smile,RT 3YTZP,24 HT 0.0209917 0.0417986 1.0000 
Cercon®xt ,5 HT 3YTZP,1 YR 0.0209633 0.0417986 1.0000 
Zpex,1 YR Zpex,RT 0.0207538 0.0401046 1.0000 
Cercon®xt ,RT Zpex,24 HT 0.0207516 0.0408190 1.0000 
Zpex Smile,168 HT Zpex Smile,1 YR 0.0203500 0.0417986 1.0000 
Cercon®xt ,1 YR Cercon®xt ,168 HT 0.0200046 0.0417986 1.0000 
Zpex Smile,168 HT Cercon®xt ,24 HT 0.0190665 0.0417986 1.0000 
Cercon®xt ,1 YR 3YTZP,24 HT 0.0188262 0.0417986 1.0000 
Cercon®xt ,24 HT Cercon®xt ,168 HT 0.0180125 0.0417986 1.0000 
Zpex Smile,168 HT Cercon®xt ,1 YR 0.0170744 0.0417986 1.0000 
Zpex Smile,5 HT Zpex,24 HT 0.0169040 0.0417986 1.0000 
Cercon®xt ,24 HT 3YTZP,24 HT 0.0168341 0.0417986 1.0000 
Zpex Smile,24 HT 3YTZP,1 YR 0.0168276 0.0417986 1.0000 
Zpex Smile,1 YR Cercon®xt ,168 HT 0.0167290 0.0417986 1.0000 
Zpex Smile,RT 3YTZP,1 YR 0.0158015 0.0417986 1.0000 
3YTZP,1 YR Zpex Smile,5 HT 0.0157347 0.0417986 1.0000 
Zpex Smile,1 YR 3YTZP,24 HT 0.0155506 0.0417986 1.0000 
Zpex,1 YR 3YTZP,RT 0.0154133 0.0417986 1.0000 
Zpex Smile,168 HT Zpex Smile,RT 0.0149089 0.0417986 1.0000 
Zpex Smile,168 HT Zpex Smile,24 HT 0.0138829 0.0417986 1.0000 




3YTZP,1 YR Cercon®xt ,RT 0.0118871 0.0408190 1.0000 
Cercon®xt ,24 HT 3YTZP,1 YR 0.0116439 0.0417986 1.0000 
Cercon®xt ,5 HT Zpex Smile,1 YR 0.0106029 0.0417986 1.0000 
3YTZP,24 HT Zpex Smile,5 HT 0.0105445 0.0417986 1.0000 
Zpex Smile,1 YR 3YTZP,1 YR 0.0103604 0.0417986 1.0000 
Zpex Smile,168 HT Cercon®xt ,5 HT 0.0097471 0.0417986 1.0000 
Cercon®xt ,168 HT Zpex Smile,5 HT 0.0093661 0.0417986 1.0000 
Cercon®xt ,5 HT Cercon®xt ,24 HT 0.0093194 0.0417986 1.0000 
Cercon®xt ,5 HT Cercon®xt ,1 YR 0.0073273 0.0417986 1.0000 
3YTZP,24 HT Cercon®xt ,RT 0.0066969 0.0408190 1.0000 
Zpex Smile,24 HT Zpex Smile,1 YR 0.0064671 0.0417986 1.0000 
3YTZP,1 YR Cercon®xt ,168 HT 0.0063686 0.0417986 1.0000 
Cercon®xt, 168 HT Cercon®xt ,RT 0.0055185 0.0408190 1.0000 
Zpex Smile,RT Zpex Smile,1 YR 0.0054411 0.0417986 1.0000 
3YTZP, RT Zpex, RT 0.0053405 0.0401046 1.0000 
3YTZP, 1 YR 3YTZP, 24 HT 0.0051902 0.0417986 1.0000 
Zpex Smile, 24 HT Cercon®xt, 24 HT 0.0051836 0.0417986 1.0000 
Cercon®xt, 5 HT Zpex Smile, RT 0.0051618 0.0417986 1.0000 
Zpex Smile,RT Cercon®xt ,24 HT 0.0041576 0.0417986 1.0000 
Cercon®xt ,5 HT Zpex Smile,24 HT 0.0041357 0.0417986 1.0000 
Cercon®xt ,RT Zpex Smile,5 HT 0.0038475 0.0408190 1.0000 
Cercon®xt ,1 YR Zpex Smile,1 YR 0.0032756 0.0417986 1.0000 
Zpex Smile,24 HT Cercon®xt, 1 YR 0.0031915 0.0417986 1.0000 
Zpex Smile,RT Cercon®xt ,1 YR 0.0021655 0.0417986 1.0000 
Cercon®xt ,1 YR Cercon®xt ,24 HT 0.0019921 0.0417986 1.0000 
3YTZP,5 HT 3YTZP,168 HT 0.0018536 0.0417986 1.0000 
Cercon®xt ,24 HT Zpex Smile,1 YR 0.0012835 0.0417986 1.0000 
3YTZP,24 HT Cercon®xt, 168 HT 0.0011784 0.0417986 1.0000 
Zpex Smile,24 HT Zpex Smile,RT 0.0010261 0.0417986 1.0000 
 
Table A 54: Level of significance of aging process and the fraction of rhombohedral 
phase of all materials as sintered groups 
Level - Level Difference p-Value 
Zpex, 24 HT Cercon®xt, 1 YR 0.1920100 <.0001* 
Zpex, 24 HT Cercon®xt, 5 HT 0.1895479 <.0001* 
Zpex, 24 HT Cercon®xt, 24 HT 0.1891453 <.0001* 
Zpex, 24 HT Cercon®xt, 168 HT 0.1869215 <.0001* 
Zpex, 24 HT Zpex Smile, 1 YR 0.1867553 <.0001* 
Zpex, 24 HT Cercon®xt, RT 0.1862187 <.0001* 
Zpex, 24 HT Zpex Smile, RT 0.1850869 <.0001* 
Zpex, 24 HT Zpex Smile, 24 HT 0.1821910 <.0001* 
Zpex, 24 HT Zpex Smile, 5 HT 0.1804465 <.0001* 




Zpex, 24 HT Zpex, RT 0.1771738 <.0001* 
Zpex, 24 HT 3YTZP, 5 HT 0.1722060 <.0001* 
Zpex, 24 HT 3YTZP, RT 0.1710061 <.0001* 
Zpex, 24 HT Zpex, 1 YR 0.1598716 <.0001* 
Zpex, 24 HT Zpex, 5 HT 0.1544120 <.0001* 
Zpex, 24 HT Zpex, 168 HT 0.1524406 <.0001* 
Zpex, 24 HT 3YTZP, 168 HT 0.1253418 0.0002* 
Zpex, 24 HT 3YTZP, 1 YR 0.1239395 0.0003* 
Zpex, 24 HT 3YTZP, 24 HT 0.1039061 0.0017* 
3YTZP, 24 HT Cercon®xt, 1 YR 0.0881038 0.0069* 
3YTZP, 24 HT Cercon®xt, 5 HT 0.0856418 0.0085* 
3YTZP, 24 HT Cercon®xt, 24 HT 0.0852392 0.0088* 
3YTZP, 24 HT Cercon®xt, 168 HT 0.0830153 0.0106* 
3YTZP, 24 HT Zpex Smile,1 YR 0.0828491 0.0107* 
3YTZP, 24 HT Cercon®xt, RT 0.0823126 0.0112* 
3YTZP, 24 HT Zpex Smile, RT 0.0811808 0.0123* 
3YTZP, 24 HT Zpex Smile, 24 HT 0.0782849 0.0155* 
3YTZP, 24 HT Zpex Smile, 5 HT 0.0765404 0.0177* 
3YTZP, 24 HT Zpex Smile, 168 HT 0.0761343 0.0183* 
3YTZP, 24 HT Zpex, RT 0.0732677 0.0228* 
3YTZP, 24 HT 3YTZP, 5 HT 0.0682999 0.0331* 
3YTZP, 1 YR Cercon®xt , 1 YR 0.0680705 0.0337* 
3YTZP, 24 HT 3YTZP,RT 0.0670999 0.0361* 
3YTZP, 168 HT Cercon®xt , 1 YR 0.0666682 0.0373* 
3YTZP, 1 YR Cercon®xt , 5 HT 0.0656085 0.0402* 
3YTZP, 1 YR Cercon®xt , 24 HT 0.0652059 0.0414* 
3YTZP, 168 HT Cercon®xt , 5 HT 0.0642062 0.0445* 
3YTZP, 168 HT Cercon®xt , 24 HT 0.0638036 0.0458* 
3YTZP, 1 YR Cercon®xt , 168 HT 0.0629820 0.0485* 
3YTZP, 1 YR Zpex Smile, 1 YR 0.0628158 0.0490* 
3YTZP, 1 YR Cercon®xt , RT 0.0622793 0.0509 
3YTZP, 168 HT Cercon®xt , 168 HT 0.0615797 0.0535 
3YTZP, 168 HT Zpex Smile, 1 YR 0.0614135 0.0541 
3YTZP, 1 YR Zpex Smile, RT 0.0611474 0.0551 
3YTZP, 168 HT Cercon®xt , RT 0.0608770 0.0561 
3YTZP, 168 HT Zpex Smile, RT 0.0597451 0.0606 
3YTZP, 1 YR Zpex Smile, 24 HT 0.0582515 0.0671 
3YTZP, 168 HT Zpex Smile, 24 HT 0.0568492 0.0736 
3YTZP, 1 YR Zpex Smile, 5 HT 0.0565070 0.0753 




3YTZP, 24 HT Zpex, 1 YR 0.0559655 0.0780 
3YTZP, 168 HT Zpex Smile, 5 HT 0.0551047 0.0825 
3YTZP, 168 HT Zpex Smile, 168 HT 0.0546986 0.0847 
3YTZP, 1 YR Zpex, RT 0.0532344 0.0931 
3YTZP, 168 HT Zpex, RT 0.0518321 0.1017 
3YTZP, 24 HT Zpex, 5 HT 0.0505059 0.1105 
3YTZP, 24 HT Zpex, 168 HT 0.0485344 0.1246 
3YTZP, 1 YR 3YTZP, 5 HT 0.0482665 0.1267 
3YTZP, 1 YR 3YTZP, RT 0.0470666 0.1361 
3YTZP, 168 HT 3YTZP, 5 HT 0.0468642 0.1378 
3YTZP, 168 HT 3YTZP, RT 0.0456643 0.1478 
Zpex, 168 HT Cercon®xt , 1 YR 0.0395694 0.2084 
Zpex, 5 HT Cercon®xt , 1 YR 0.0375980 0.2315 
Zpex, 168 HT Cercon®xt , 5 HT 0.0371074 0.2375 
Zpex, 168 HT Cercon®xt , 24 HT 0.0367048 0.2426 
3YTZP, 1 YR Zpex, 1 YR 0.0359322 0.2524 
Zpex, 5 HT Cercon®xt , 5 HT 0.0351359 0.2629 
Zpex, 5 HT Cercon®xt , 24 HT 0.0347333 0.2684 
3YTZP, 168 HT Zpex, 1 YR 0.0345298 0.2711 
Zpex, 168 HT Cercon®xt , 168 HT 0.0344809 0.2718 
Zpex, 168 HT Zpex Smile, 1 YR 0.0343147 0.2741 
Zpex, 168 HT Cercon®xt , RT 0.0337782 0.2815 
Zpex, 168 HT Zpex Smile, RT 0.0326463 0.2977 
Zpex, 5 HT Cercon®xt , 168 HT 0.0325095 0.2997 
Zpex, 5 HT Zpex Smile, 1 YR 0.0323433 0.3022 
Zpex, 1 YR Cercon®xt , 1 YR 0.0321383 0.3052 
Zpex, 5 HT Cercon®xt , RT 0.0318068 0.3102 
Zpex, 5 HT Zpex Smile, RT 0.0306749 0.3275 
3YTZP, 1 YR Zpex, 5 HT 0.0304725 0.3307 
Zpex, 168 HT Zpex Smile, 24 HT 0.0297504 0.3421 
Zpex, 1 YR Cercon®xt , 5 HT 0.0296763 0.3433 
Zpex, 1 YR Cercon®xt , 24 HT 0.0292737 0.3498 
3YTZP, 168 HT Zpex, 5 HT 0.0290702 0.3531 
3YTZP, 1 YR Zpex, 168 HT 0.0285011 0.3625 
Zpex, 168 HT Zpex Smile, 5 HT 0.0280059 0.3709 
Zpex, 5 HT Zpex Smile, 24 HT 0.0277790 0.3747 
Zpex,168 HT Zpex Smile, 168 HT 0.0275999 0.3778 
3YTZP,168 HT Zpex, 168 HT 0.0270988 0.3864 
Zpex,1 YR Cercon®xt , 168 HT 0.0270499 0.3872 




Zpex,1 YR Cercon®xt , RT 0.0263471 0.3996 
Zpex,5 HT Zpex Smile, 5 HT 0.0260345 0.4052 
Zpex,5 HT Zpex Smile, 168 HT 0.0256284 0.4125 
Zpex,1 YR Zpex Smile, RT 0.0252153 0.4200 
Zpex,168 HT Zpex, RT 0.0247333 0.4288 
Zpex,5 HT Zpex, RT 0.0227618 0.4663 
Zpex,1 YR Zpex Smile, 24 HT 0.0223194 0.4749 
3YTZP,24 HT 3YTZP, 168 HT 0.0214356 0.4925 
3YTZP,RT Cercon®xt , 1 YR 0.0210039 0.5012 
Zpex,1 YR Zpex Smile, 5 HT 0.0205749 0.5099 
Zpex,1 YR Zpex Smile, 168 HT 0.0201688 0.5183 
3YTZP,24 HT 3YTZP, 1 YR 0.0200333 0.5211 
3YTZP,5 HT Cercon®xt , 1 YR 0.0198040 0.5258 
Zpex,168 HT 3YTZP, 5 HT 0.0197654 0.5266 
Zpex,168 HT 3YTZP, RT 0.0185655 0.5519 
3YTZP,RT Cercon®xt , 5 HT 0.0185419 0.5524 
3YTZP,RT Cercon®xt , 24 HT 0.0181393 0.5610 
Zpex,5 HT 3YTZP, 5 HT 0.0177940 0.5685 
3YTZP,5 HT Cercon®xt , 5 HT 0.0173419 0.5783 
Zpex,1 YR Zpex, RT 0.0173022 0.5792 
3YTZP,5 HT Cercon®xt , 24 HT 0.0169393 0.5871 
Zpex,5 HT 3YTZP, RT 0.0165941 0.5947 
3YTZP,RT Cercon®xt , 168 HT 0.0159154 0.6098 
3YTZP,RT Zpex Smile, 1 YR 0.0157492 0.6136 
3YTZP,RT Cercon®xt , RT 0.0152127 0.6257 
Zpex,RT Cercon®xt , 1 YR 0.0148361 0.6342 
3YTZP,5 HT Cercon®xt , 168 HT 0.0147155 0.6370 
3YTZP,5 HT Zpex Smile, 1 YR 0.0145493 0.6408 
3YTZP,RT Zpex Smile, RT 0.0140808 0.6515 
3YTZP,5 HT Cercon®xt , RT 0.0140127 0.6531 
3YTZP,5 HT Zpex Smile, RT 0.0128809 0.6794 
Zpex,RT Cercon®xt , 5 HT 0.0123741 0.6914 
Zpex,1 YR 3YTZP, 5 HT 0.0123344 0.6923 
Zpex,RT Cercon®xt , 24 HT 0.0119715 0.7009 
Zpex Smile,168 HT Cercon®xt , 1 YR 0.0119695 0.7009 
Zpex Smile,5 HT Cercon®xt , 1 YR 0.0115635 0.7106 
3YTZP,RT Zpex Smile, 24 HT 0.0111849 0.7197 
Zpex,1 YR 3YTZP, RT 0.0111344 0.7209 
3YTZP,5 HT Zpex Smile, 24 HT 0.0099850 0.7486 




Zpex,RT Cercon®xt , 168 HT 0.0097476 0.7544 
Zpex,RT Zpex Smile, 1 YR 0.0095814 0.7584 
Zpex Smile,168 HT Cercon®xt , 5 HT 0.0095075 0.7602 
3YTZP,RT Zpex Smile, 5 HT 0.0094404 0.7619 
Zpex Smile,168 HT Cercon®xt , 24 HT 0.0091049 0.7701 
Zpex Smile,5 HT Cercon®xt , 5 HT 0.0091014 0.7702 
Zpex,RT Cercon®xt , RT 0.0090449 0.7716 
3YTZP,RT Zpex Smile, 168 HT 0.0090344 0.7718 
Zpex Smile,5 HT Cercon®xt , 24 HT 0.0086988 0.7801 
3YTZP,5 HT Zpex Smile, 5 HT 0.0082405 0.7914 
Zpex,RT Zpex Smile, RT 0.0079131 0.7995 
3YTZP,5 HT Zpex Smile, 168 HT 0.0078344 0.8014 
Zpex,168 HT Zpex, 1 YR 0.0074311 0.8114 
Zpex Smile,24 HT Cercon®xt , 5 HT 0.0073569 0.8133 
Zpex Smile,24 HT Cercon®xt , 24 HT 0.0069543 0.8233 
Zpex Smile,RT Cercon®xt , 1 YR 0.0069231 0.8241 
Zpex Smile,168 HT Cercon®xt , 168 HT 0.0068811 0.8252 
Zpex Smile,168 HT Zpex Smile, 1 YR 0.0067149 0.8293 
Zpex Smile,5 HT Cercon®xt , 168 HT 0.0064750 0.8353 
Zpex Smile,5 HT Zpex Smile, 1 YR 0.0063088 0.8395 
Zpex Smile,168 HT Cercon®xt , RT 0.0061783 0.8428 
3YTZP,RT Zpex, RT 0.0061678 0.8430 
Cercon®xt ,RT Cercon®xt , 1 YR 0.0057912 0.8525 
Zpex Smile,5 HT Cercon®xt , RT 0.0057722 0.8530 
Zpex,5 HT Zpex, 1 YR 0.0054596 0.8608 
Zpex Smile,1 YR Cercon®xt , 1 YR 0.0052547 0.8660 
Cercon®xt ,168 HT Cercon®xt , 1 YR 0.0050885 0.8702 
Zpex Smile,168 HT Zpex Smile, RT 0.0050465 0.8713 
Zpex,RT Zpex Smile, 24 HT 0.0050172 0.8720 
3YTZP,5 HT Zpex, RT 0.0049678 0.8733 
Zpex Smile,24 HT Cercon®xt , 168 HT 0.0047305 0.8793 
Zpex Smile,5 HT Zpex Smile, RT 0.0046404 0.8815 
Zpex Smile,24 HT Zpex Smile, 1 YR 0.0045643 0.8835 
Zpex Smile,RT Cercon®xt , 5 HT 0.0044610 0.8861 
Zpex Smile,RT Cercon®xt , 24 HT 0.0040584 0.8963 
Zpex Smile,24 HT Cercon®xt , RT 0.0040277 0.8971 
Cercon®xt ,RT Cercon®xt , 5 HT 0.0033292 0.9149 
Zpex,RT Zpex Smile, 5 HT 0.0032727 0.9163 
Cercon®xt ,RT Cercon®xt , 24 HT 0.0029266 0.9251 




Zpex,RT Zpex Smile, 168 HT 0.0028666 0.9267 
Cercon®xt ,24 HT Cercon®xt , 1 YR 0.0028646 0.9267 
Zpex Smile,1 YR Cercon®xt , 5 HT 0.0027927 0.9285 
Cercon®xt ,168 HT Cercon®xt , 5 HT 0.0026265 0.9328 
Cercon®xt ,5 HT Cercon®xt , 1 YR 0.0024620 0.9370 
Zpex Smile,1 YR Cercon®xt , 24 HT 0.0023901 0.9388 
Cercon®xt ,168 HT Cercon®xt , 24 HT 0.0022239 0.9431 
Zpex Smile,168 HT Zpex Smile, 24 HT 0.0021506 0.9449 
Zpex,168 HT Zpex, 5 HT 0.0019714 0.9495 
Zpex Smile,RT Cercon®xt , 168 HT 0.0018346 0.9530 
Zpex Smile,5 HT Zpex Smile, 24 HT 0.0017445 0.9553 
Zpex Smile,RT Zpex Smile, 1 YR 0.0016684 0.9573 
3YTZP,1 YR 3YTZP, 168 HT 0.0014023 0.9641 
3YTZP,RT 3YTZP, 5 HT 0.0011999 0.9693 
Zpex Smile,RT Cercon®xt , RT 0.0011318 0.9710 
Cercon®xt ,RT Cercon®xt , 168 HT 0.0007027 0.9820 
Cercon®xt ,RT Zpex Smile, 1 YR 0.0005365 0.9863 
Zpex Smile,168 HT Zpex Smile, 5 HT 0.0004061 0.9896 
Cercon®xt ,24 HT Cercon®xt , 5 HT 0.0004026 0.9897 
Zpex Smile,1 YR Cercon®xt , 168 HT 0.0001662 0.9957 
 
Table A 55: Level of significance of aging process and the fraction of rhombohedral 
phase of all materials grinding groups 
Level - Level Difference p-Value 
Zpex Smile,1 YR Zpex,168 HT 0.3699958 0.0004* 
Cercon®xt ,24 HT Zpex,168 HT 0.3618541 0.0006* 
Cercon®xt ,1 YR Zpex,168 HT 0.3588741 0.0006* 
Cercon®xt ,5 HT Zpex,168 HT 0.3503267 0.0008* 
Zpex Smile,1 YR 3YTZP,5 HT 0.3402072 0.0011* 
Cercon®xt ,24 HT 3YTZP,5 HT 0.3320655 0.0014* 
Zpex Smile,1 YR Zpex,24 HT 0.3319054 0.0014* 
Zpex Smile,24 HT Zpex,168 HT 0.3310365 0.0014* 
Cercon®xt ,1 YR 3YTZP,5 HT 0.3290855 0.0015* 
Cercon®xt ,24 HT Zpex,24 HT 0.3237636 0.0018* 
Cercon®xt ,1 YR Zpex,24 HT 0.3207836 0.0019* 
Zpex Smile,1 YR 3YTZP,168 HT 0.3206347 0.0020* 
Cercon®xt ,5 HT 3YTZP,5 HT 0.3205381 0.0020* 
3YTZP,1 YR Zpex,168 HT 0.3128201 0.0025* 
Cercon®xt ,24 HT 3YTZP,168 HT 0.3124930 0.0025* 




Cercon®xt ,RT Zpex,168 HT 0.3097821 0.0027* 
Cercon®xt ,1 YR 3YTZP,168 HT 0.3095130 0.0027* 
Zpex Smile,1 YR Zpex,5 HT 0.3089392 0.0027* 
Zpex Smile,24 HT 3YTZP,5 HT 0.3012479 0.0034* 
Cercon®xt ,5 HT 3YTZP,168 HT 0.3009656 0.0034* 
Cercon®xt ,24 HT Zpex,5 HT 0.3007975 0.0035* 
Cercon®xt ,1 YR Zpex,5 HT 0.2978175 0.0038* 
Zpex Smile,24 HT Zpex,24 HT 0.2929461 0.0043* 
Cercon®xt ,5 HT Zpex,5 HT 0.2892701 0.0048* 
Cercon®xt ,168 HT Zpex,168 HT 0.2862673 0.0052* 
3YTZP,1 YR 3YTZP,5 HT 0.2830315 0.0057* 
Zpex Smile,24 HT 3YTZP,168 HT 0.2816754 0.0059* 
Cercon®xt ,RT 3YTZP,5 HT 0.2799935 0.0062* 
3YTZP,1 YR Zpex,24 HT 0.2747296 0.0071* 
Zpex Smile,RT Zpex,168 HT 0.2741959 0.0072* 
Cercon®xt ,RT Zpex,24 HT 0.2716917 0.0077* 
Zpex Smile,24 HT Zpex,5 HT 0.2699799 0.0081* 
3YTZP,1 YR 3YTZP,168 HT 0.2634590 0.0096* 
Cercon®xt ,RT 3YTZP,168 HT 0.2604210 0.0104* 
Cercon®xt ,168 HT 3YTZP,5 HT 0.2564787 0.0115* 
3YTZP,1 YR Zpex,5 HT 0.2517635 0.0130* 
Cercon®xt ,RT Zpex,5 HT 0.2487255 0.0141* 
Cercon®xt ,168 HT Zpex,24 HT 0.2481769 0.0143* 
Zpex Smile,168 HT Zpex,168 HT 0.2457393 0.0152* 
Zpex Smile,RT 3YTZP,5 HT 0.2444073 0.0157* 
Cercon®xt ,168 HT 3YTZP,168 HT 0.2369062 0.0189* 
Zpex Smile,RT Zpex,24 HT 0.2361054 0.0193* 
Cercon®xt ,168 HT Zpex,5 HT 0.2252107 0.0252* 
Zpex Smile,RT 3YTZP,168 HT 0.2248348 0.0255* 
Zpex Smile,168 HT 3YTZP,5 HT 0.2159507 0.0315* 
Zpex Smile,RT Zpex,5 HT 0.2131393 0.0337* 
3YTZP,RT Zpex,168 HT 0.2093009 0.0368* 
Zpex Smile,168 HT Zpex,24 HT 0.2076488 0.0382* 
Zpex Smile,1 YR 3YTZP,24 HT 0.2052905 0.0404* 
Zpex Smile,1 YR Zpex,RT 0.2045219 0.0232* 
Cercon®xt ,24 HT 3YTZP,24 HT 0.1971488 0.0486* 
Cercon®xt ,24 HT Zpex,RT 0.1963802 0.0289* 
Zpex Smile,168 HT 3YTZP,168 HT 0.1963782 0.0494* 
Cercon®xt ,1 YR 3YTZP,24 HT 0.1941688 0.0519 




Zpex Smile,5 HT Zpex,168 HT 0.1901096 0.0568 
Zpex Smile,1 YR Zpex,1 YR 0.1876692 0.0599 
Cercon®xt ,5 HT 3YTZP,24 HT 0.1856214 0.0626 
Cercon®xt ,5 HT Zpex,RT 0.1848528 0.0391* 
Zpex Smile,168 HT Zpex,5 HT 0.1846827 0.0639 
Zpex,1 YR Zpex,168 HT 0.1823267 0.0672 
Zpex Smile,1 YR Zpex Smile,5 HT 0.1798863 0.0708 
Cercon®xt ,24 HT Zpex,1 YR 0.1795274 0.0714 
3YTZP,RT 3YTZP,5 HT 0.1795123 0.0714 
Cercon®xt ,1 YR Zpex,1 YR 0.1765474 0.0760 
Cercon®xt ,24 HT Zpex Smile,5 HT 0.1717445 0.0840 
3YTZP,RT Zpex,24 HT 0.1712105 0.0850 
Cercon®xt ,1 YR Zpex Smile,5 HT 0.1687645 0.0894 
Cercon®xt ,5 HT Zpex,1 YR 0.1680000 0.0908 
Zpex Smile,24 HT 3YTZP,24 HT 0.1663312 0.0939 
Zpex Smile,24 HT Zpex,RT 0.1655626 0.0633 
Zpex,RT Zpex,168 HT 0.1654739 0.0635 
3YTZP,24 HT Zpex,168 HT 0.1647053 0.0971 
Zpex Smile,1 YR 3YTZP,RT 0.1606949 0.1052 
Zpex Smile,5 HT 3YTZP,5 HT 0.1603210 0.1060 
Cercon®xt ,5 HT Zpex Smile,5 HT 0.1602171 0.1062 
3YTZP,RT 3YTZP,168 HT 0.1599398 0.1068 
Cercon®xt ,24 HT 3YTZP,RT 0.1525532 0.1235 
Zpex,1 YR 3YTZP,5 HT 0.1525381 0.1235 
Zpex Smile,5 HT Zpex,24 HT 0.1520191 0.1248 
Cercon®xt ,1 YR 3YTZP,RT 0.1495732 0.1308 
Zpex Smile,24 HT Zpex,1 YR 0.1487098 0.1329 
3YTZP,RT Zpex,5 HT 0.1482443 0.1341 
3YTZP,1 YR 3YTZP,24 HT 0.1481148 0.1345 
3YTZP,1 YR Zpex,RT 0.1473462 0.0970 
Cercon®xt ,RT 3YTZP,24 HT 0.1450768 0.1424 
Cercon®xt ,RT Zpex,RT 0.1443082 0.1039 
Zpex,1 YR Zpex,24 HT 0.1442362 0.1447 
Cercon®xt ,5 HT 3YTZP,RT 0.1410258 0.1536 
Zpex Smile,24 HT Zpex Smile,5 HT 0.1409269 0.1539 
Zpex Smile,5 HT 3YTZP,168 HT 0.1407485 0.1544 
Zpex,RT 3YTZP,5 HT 0.1356853 0.1255 
3YTZP,24 HT 3YTZP,5 HT 0.1349167 0.1718 
Zpex,1 YR 3YTZP,168 HT 0.1329656 0.1779 




Zpex Smile,5 HT Zpex,5 HT 0.1290530 0.1908 
Cercon®xt ,RT Zpex,1 YR 0.1274555 0.1962 
Zpex,RT Zpex,24 HT 0.1273834 0.1497 
3YTZP,24 HT Zpex,24 HT 0.1266149 0.1991 
Zpex Smile,1 YR Zpex Smile,168 HT 0.1242566 0.2074 
3YTZP,1 YR Zpex Smile,5 HT 0.1227105 0.2131 
Zpex Smile,24 HT 3YTZP,RT 0.1217356 0.2166 
Cercon®xt ,168 HT 3YTZP,24 HT 0.1215620 0.2173 
Zpex,1 YR Zpex,5 HT 0.1212701 0.2184 
Cercon®xt ,168 HT Zpex,RT 0.1207934 0.1714 
Cercon®xt ,RT Zpex Smile,5 HT 0.1196725 0.2244 
Cercon®xt ,24 HT Zpex Smile,168 HT 0.1161148 0.2382 
Zpex,RT 3YTZP,168 HT 0.1161128 0.1882 
3YTZP,24 HT 3YTZP,168 HT 0.1153442 0.2413 
Cercon®xt ,1 YR Zpex Smile,168 HT 0.1131348 0.2503 
Zpex Smile,RT 3YTZP,24 HT 0.1094906 0.2656 
Zpex Smile,RT Zpex,RT 0.1087220 0.2173 
Cercon®xt ,5 HT Zpex Smile,168 HT 0.1045874 0.2873 
Zpex,RT Zpex,5 HT 0.1044173 0.2357 
Cercon®xt ,168 HT Zpex,1 YR 0.1039407 0.2903 
3YTZP,24 HT Zpex,5 HT 0.1036487 0.2916 
3YTZP,1 YR 3YTZP,RT 0.1035192 0.2922 
Cercon®xt ,RT 3YTZP,RT 0.1004812 0.3064 
Cercon®xt ,168 HT Zpex Smile,5 HT 0.0961577 0.3274 
Zpex Smile,1 YR Zpex Smile,RT 0.0958000 0.3292 
Zpex Smile,RT Zpex,1 YR 0.0918692 0.3492 
Cercon®xt ,24 HT Zpex Smile,RT 0.0876582 0.3716 
Zpex Smile,24 HT Zpex Smile,168 HT 0.0852973 0.3844 
Cercon®xt ,1 YR Zpex Smile,RT 0.0846782 0.3879 
Zpex Smile,RT Zpex Smile,5 HT 0.0840863 0.3912 
Zpex Smile,1 YR Cercon®xt ,168 HT 0.0837285 0.3932 
Zpex Smile,168 HT 3YTZP,24 HT 0.0810340 0.4085 
Zpex Smile,168 HT Zpex,RT 0.0802654 0.3604 
Cercon®xt ,168 HT 3YTZP,RT 0.0769664 0.4322 
Cercon®xt ,5 HT Zpex Smile,RT 0.0761308 0.4372 
Cercon®xt ,24 HT Cercon®xt ,168 HT 0.0755867 0.4404 
Cercon®xt ,1 YR Cercon®xt ,168 HT 0.0726068 0.4585 
3YTZP,1 YR Zpex Smile,168 HT 0.0670808 0.4932 
Zpex Smile,RT 3YTZP,RT 0.0648950 0.5074 




Cercon®xt ,RT Zpex Smile,168 HT 0.0640429 0.5129 
Zpex Smile,168 HT Zpex,1 YR 0.0634126 0.5171 
Zpex,5 HT Zpex,168 HT 0.0610566 0.5327 
Zpex Smile,1 YR Cercon®xt ,RT 0.0602137 0.5383 
Zpex Smile,1 YR 3YTZP,1 YR 0.0571758 0.5589 
Zpex Smile,24 HT Zpex Smile,RT 0.0568407 0.5612 
Zpex Smile,168 HT Zpex Smile,5 HT 0.0556297 0.5696 
Cercon®xt ,24 HT Cercon®xt ,RT 0.0520719 0.5944 
3YTZP,168 HT Zpex,168 HT 0.0493611 0.6137 
Cercon®xt ,1 YR Cercon®xt ,RT 0.0490920 0.6156 
Cercon®xt ,24 HT 3YTZP,1 YR 0.0490340 0.6160 
Cercon®xt ,1 YR 3YTZP,1 YR 0.0460540 0.6376 
Zpex Smile,24 HT Cercon®xt ,168 HT 0.0447692 0.6470 
3YTZP,RT 3YTZP,24 HT 0.0445956 0.6482 
3YTZP,RT Zpex,RT 0.0438270 0.6163 
Cercon®xt ,5 HT Cercon®xt ,RT 0.0405445 0.6782 
Cercon®xt ,168 HT Zpex Smile,168 HT 0.0405281 0.6784 
Zpex Smile,1 YR Zpex Smile,24 HT 0.0389593 0.6901 
3YTZP,1 YR Zpex Smile,RT 0.0386242 0.6927 
Zpex,24 HT Zpex,168 HT 0.0380904 0.6967 
Cercon®xt ,5 HT 3YTZP,1 YR 0.0375066 0.7011 
Zpex Smile,168 HT 3YTZP,RT 0.0364384 0.7092 
Cercon®xt ,RT Zpex Smile,RT 0.0355863 0.7157 
Zpex,5 HT 3YTZP,5 HT 0.0312680 0.7489 
Cercon®xt ,24 HT Zpex Smile,24 HT 0.0308176 0.7524 
3YTZP,5 HT Zpex,168 HT 0.0297886 0.7604 
Zpex Smile,RT Zpex Smile,168 HT 0.0284566 0.7708 
Cercon®xt ,1 YR Zpex Smile,24 HT 0.0278376 0.7756 
3YTZP,RT Zpex,1 YR 0.0269742 0.7824 
3YTZP,1 YR Cercon®xt ,168 HT 0.0265527 0.7857 
Zpex Smile,5 HT 3YTZP,24 HT 0.0254043 0.7948 
Zpex Smile,5 HT Zpex,RT 0.0246357 0.7779 
Cercon®xt ,RT Cercon®xt ,168 HT 0.0235148 0.8097 
Zpex,5 HT Zpex,24 HT 0.0229662 0.8141 
Zpex Smile,24 HT Cercon®xt ,RT 0.0212544 0.8277 
Zpex Smile,1 YR Cercon®xt ,5 HT 0.0196692 0.8404 
3YTZP,168 HT 3YTZP,5 HT 0.0195725 0.8411 
Cercon®xt ,5 HT Zpex Smile,24 HT 0.0192902 0.8434 
3YTZP,RT Zpex Smile,5 HT 0.0191913 0.8442 




Zpex,1 YR 3YTZP,24 HT 0.0176214 0.8568 
Zpex,1 YR Zpex,RT 0.0168528 0.8470 
Cercon®xt ,168 HT Zpex Smile,RT 0.0120715 0.9016 
Zpex,5 HT 3YTZP,168 HT 0.0116955 0.9047 
Cercon®xt ,24 HT Cercon®xt ,5 HT 0.0115274 0.9060 
3YTZP,168 HT Zpex,24 HT 0.0112707 0.9081 
Zpex Smile,1 YR Cercon®xt ,1 YR 0.0111217 0.9093 
Cercon®xt ,1 YR Cercon®xt ,5 HT 0.0085474 0.9302 
Zpex,24 HT 3YTZP,5 HT 0.0083019 0.9322 
Zpex Smile,1 YR Cercon®xt ,24 HT 0.0081418 0.9335 
Zpex Smile,5 HT Zpex,1 YR 0.0077829 0.9365 
3YTZP,1 YR Cercon®xt ,RT 0.0030380 0.9752 
Cercon®xt ,24 HT Cercon®xt ,1 YR 0.0029800 0.9756 
Zpex,RT 3YTZP,24 HT 0.0007686 0.9930 
 
Table A 56: Level of significance of aging process and the fraction of rhombohedral 
phase of all materials sandblasting groups 
Level - Level Difference p-Value 
Zpex Smile,168 HT 3YTZP,168 HT 0.3702037 <.0001* 
Zpex Smile,168 HT Zpex,168 HT 0.3598666 <.0001* 
Zpex Smile,168 HT 3YTZP,RT 0.3213038 <.0001* 
Zpex Smile,168 HT Zpex,RT 0.3096956 <.0001* 
Zpex Smile,RT 3YTZP,168 HT 0.3020667 <.0001* 
Zpex Smile,168 HT 3YTZP,5 HT 0.2982062 <.0001* 
Zpex Smile,RT Zpex,168 HT 0.2917297 0.0001* 
Zpex Smile,5 HT 3YTZP,168 HT 0.2869041 0.0001* 
Zpex Smile,5 HT Zpex,168 HT 0.2765671 0.0002* 
Zpex Smile,168 HT Zpex,5 HT 0.2731814 0.0003* 
3YTZP,24 HT 3YTZP,168 HT 0.2674014 0.0003* 
Zpex Smile,168 HT Zpex,1 YR 0.2592239 0.0005* 
3YTZP,24 HT Zpex,168 HT 0.2570644 0.0005* 
Zpex Smile,RT 3YTZP,RT 0.2531669 0.0006* 
Cercon®xt ,5 HT 3YTZP,168 HT 0.2458824 0.0008* 
Zpex Smile,24 HT 3YTZP,168 HT 0.2454084 0.0008* 
Zpex Smile,RT Zpex,RT 0.2415587 0.0010* 
Zpex Smile,5 HT 3YTZP,RT 0.2380043 0.0012* 
Cercon®xt ,5 HT Zpex,168 HT 0.2355453 0.0013* 
Zpex Smile,24 HT Zpex,168 HT 0.2350713 0.0013* 
Zpex Smile,RT 3YTZP,5 HT 0.2300693 0.0016* 




Cercon®xt ,168 HT 3YTZP,168 HT 0.2253196 0.0020* 
3YTZP,24 HT 3YTZP,RT 0.2185016 0.0026* 
Cercon®xt ,1 YR 3YTZP,168 HT 0.2178152 0.0027* 
Zpex Smile,168 HT 3YTZP,1 YR 0.2153130 0.0030* 
Cercon®xt ,168 HT Zpex,168 HT 0.2149825 0.0030* 
Zpex Smile,5 HT 3YTZP,5 HT 0.2149067 0.0030* 
Zpex,24 HT 3YTZP,168 HT 0.2077646 0.0040* 
Cercon®xt ,1 YR Zpex,168 HT 0.2074781 0.0041* 
3YTZP,24 HT Zpex,RT 0.2068934 0.0041* 
Cercon®xt ,24 HT 3YTZP,168 HT 0.2059943 0.0043* 
Zpex Smile,RT Zpex,5 HT 0.2050445 0.0045* 
Zpex,24 HT Zpex,168 HT 0.1974276 0.0060* 
Cercon®xt ,5 HT 3YTZP,RT 0.1969825 0.0061* 
Zpex Smile,24 HT 3YTZP,RT 0.1965085 0.0062* 
Cercon®xt ,24 HT Zpex,168 HT 0.1956572 0.0064* 
3YTZP,24 HT 3YTZP,5 HT 0.1954040 0.0065* 
Zpex Smile,1 YR 3YTZP,168 HT 0.1916120 0.0075* 
Zpex Smile,RT Zpex,1 YR 0.1910870 0.0077* 
Zpex Smile,5 HT Zpex,5 HT 0.1898819 0.0080* 
Zpex Smile,168 HT Cercon®xt ,RT 0.1873715 0.0054* 
Cercon®xt ,5 HT Zpex,RT 0.1853744 0.0095* 
Zpex Smile,24 HT Zpex,RT 0.1849004 0.0097* 
Cercon®xt ,RT 3YTZP,168 HT 0.1828322 0.0065* 
Zpex Smile,1 YR Zpex,168 HT 0.1812749 0.0111* 
Zpex Smile,168 HT Zpex Smile,1 YR 0.1785917 0.0122* 
Cercon®xt ,168 HT 3YTZP,RT 0.1764197 0.0133* 
Zpex Smile,5 HT Zpex,1 YR 0.1759244 0.0135* 
Cercon®xt ,5 HT 3YTZP,5 HT 0.1738849 0.0145* 
Zpex Smile,24 HT 3YTZP,5 HT 0.1734110 0.0148* 
Cercon®xt ,RT Zpex,168 HT 0.1724951 0.0099* 
3YTZP,24 HT Zpex,5 HT 0.1703792 0.0165* 
Cercon®xt ,1 YR 3YTZP,RT 0.1689153 0.0174* 
Cercon®xt ,168 HT Zpex,RT 0.1648115 0.0201* 
Zpex Smile,168 HT Cercon®xt ,24 HT 0.1642094 0.0205* 
Zpex Smile,168 HT Zpex,24 HT 0.1624390 0.0218* 
Zpex,24 HT 3YTZP,RT 0.1588648 0.0247* 
Cercon®xt ,1 YR Zpex,RT 0.1573072 0.0261* 
Cercon®xt ,24 HT 3YTZP,RT 0.1570944 0.0263* 
3YTZP,24 HT Zpex,1 YR 0.1564217 0.0269* 




Cercon®xt ,168 HT 3YTZP,5 HT 0.1533221 0.0299* 
Zpex Smile,168 HT Cercon®xt ,1 YR 0.1523884 0.0308* 
Cercon®xt ,5 HT Zpex,5 HT 0.1488601 0.0347* 
Zpex Smile,24 HT Zpex,5 HT 0.1483861 0.0352* 
Zpex,24 HT Zpex,RT 0.1472566 0.0366* 
Zpex Smile,RT 3YTZP,1 YR 0.1471761 0.0367* 
Cercon®xt ,1 YR 3YTZP,5 HT 0.1458178 0.0383* 
Cercon®xt ,24 HT Zpex,RT 0.1454863 0.0388* 
Zpex Smile,168 HT Cercon®xt ,168 HT 0.1448841 0.0395* 
3YTZP,1 YR Zpex,168 HT 0.1445536 0.0400* 
Zpex Smile,1 YR 3YTZP,RT 0.1427121 0.0424* 
Zpex,24 HT 3YTZP,5 HT 0.1357672 0.0530 
Cercon®xt ,5 HT Zpex,1 YR 0.1349027 0.0545 
Zpex Smile,24 HT Zpex,1 YR 0.1344287 0.0553 
Cercon®xt ,24 HT 3YTZP,5 HT 0.1339969 0.0560 
Cercon®xt ,RT 3YTZP,RT 0.1339323 0.0418* 
Zpex Smile,5 HT 3YTZP,1 YR 0.1320135 0.0596 
Zpex Smile,1 YR Zpex,RT 0.1311040 0.0613 
Cercon®xt ,168 HT Zpex,5 HT 0.1282973 0.0668 
Zpex Smile,168 HT Zpex Smile,24 HT 0.1247953 0.0743 
Zpex Smile,168 HT Cercon®xt ,5 HT 0.1243213 0.0754 
Cercon®xt ,RT Zpex,RT 0.1223242 0.0619 
Cercon®xt ,1 YR Zpex,5 HT 0.1207929 0.0837 
Zpex Smile,1 YR 3YTZP,5 HT 0.1196145 0.0866 
Zpex Smile,RT Cercon®xt ,RT 0.1192345 0.0685 
Cercon®xt ,168 HT Zpex,1 YR 0.1143398 0.1009 
3YTZP,24 HT 3YTZP,1 YR 0.1125108 0.1063 
Zpex,1 YR 3YTZP,168 HT 0.1109797 0.1110 
Cercon®xt ,RT 3YTZP,5 HT 0.1108348 0.0895 
Zpex,24 HT Zpex,5 HT 0.1107424 0.1118 
Zpex Smile,RT Zpex Smile,1 YR 0.1104548 0.1127 
Cercon®xt ,24 HT Zpex,5 HT 0.1089720 0.1174 
Cercon®xt ,1 YR Zpex,1 YR 0.1068355 0.1246 
3YTZP,1 YR 3YTZP,RT 0.1059908 0.1275 
Zpex Smile,5 HT Cercon®xt ,RT 0.1040720 0.1102 
Zpex Smile,168 HT 3YTZP,24 HT 0.1028022 0.1390 
Zpex,1 YR Zpex,168 HT 0.1006427 0.1473 
Zpex,5 HT 3YTZP,168 HT 0.0970223 0.1620 
Zpex,24 HT Zpex,1 YR 0.0967849 0.1630 




Zpex Smile,5 HT Zpex Smile,1 YR 0.0952922 0.1695 
Cercon®xt ,24 HT Zpex,1 YR 0.0950146 0.1707 
Zpex Smile,1 YR Zpex,5 HT 0.0945897 0.1726 
3YTZP,1 YR Zpex,RT 0.0943826 0.1735 
Zpex Smile,RT Zpex,24 HT 0.0943021 0.1738 
Cercon®xt ,5 HT 3YTZP,1 YR 0.0909917 0.1891 
Zpex Smile,24 HT 3YTZP,1 YR 0.0905177 0.1914 
Zpex,5 HT Zpex,168 HT 0.0866852 0.2105 
Cercon®xt ,RT Zpex,5 HT 0.0858099 0.1856 
3YTZP,24 HT Cercon®xt ,RT 0.0845692 0.1919 
Zpex Smile,RT Cercon®xt ,1 YR 0.0842515 0.2233 
Zpex Smile,168 HT Zpex Smile,5 HT 0.0832995 0.2285 
3YTZP,1 YR 3YTZP,5 HT 0.0828932 0.2307 
Zpex Smile,5 HT Cercon®xt ,24 HT 0.0809099 0.2419 
Zpex Smile,1 YR Zpex,1 YR 0.0806323 0.2435 
Zpex Smile,5 HT Zpex,24 HT 0.0791395 0.2522 
Zpex Smile,RT Cercon®xt ,168 HT 0.0767472 0.2666 
3YTZP,24 HT Zpex Smile,1 YR 0.0757895 0.2725 
3YTZP,5 HT 3YTZP,168 HT 0.0719974 0.2969 
Cercon®xt ,RT Zpex,1 YR 0.0718525 0.2662 
Cercon®xt ,168 HT 3YTZP,1 YR 0.0704289 0.3074 
Zpex Smile,5 HT Cercon®xt ,1 YR 0.0690889 0.3165 
Zpex Smile,168 HT Zpex Smile,RT 0.0681369 0.3232 
Cercon®xt ,5 HT Cercon®xt ,RT 0.0630502 0.3283 
Cercon®xt ,1 YR 3YTZP,1 YR 0.0629246 0.3611 
Zpex Smile,24 HT Cercon®xt ,RT 0.0625762 0.3320 
Zpex,1 YR 3YTZP,RT 0.0620798 0.3676 
3YTZP,5 HT Zpex,168 HT 0.0616604 0.3708 
Zpex Smile,5 HT Cercon®xt ,168 HT 0.0615846 0.3714 
3YTZP,24 HT Cercon®xt ,24 HT 0.0614071 0.3727 
Zpex,RT 3YTZP,168 HT 0.0605080 0.3797 
3YTZP,24 HT Zpex,24 HT 0.0596368 0.3865 
3YTZP,1 YR Zpex,5 HT 0.0578684 0.4006 
Zpex Smile,RT Zpex Smile,24 HT 0.0566583 0.4105 
Zpex Smile,RT Cercon®xt ,5 HT 0.0561844 0.4144 
Cercon®xt ,5 HT Zpex Smile,1 YR 0.0542704 0.4303 
Zpex Smile,24 HT Zpex Smile,1 YR 0.0537964 0.4343 
Zpex,24 HT 3YTZP,1 YR 0.0528740 0.4422 
Cercon®xt ,24 HT 3YTZP,1 YR 0.0511036 0.4575 




Zpex,RT Zpex,168 HT 0.0501709 0.4657 
3YTZP,24 HT Cercon®xt ,1 YR 0.0495862 0.4709 
3YTZP,RT 3YTZP,168 HT 0.0488999 0.4770 
Zpex,5 HT 3YTZP,RT 0.0481224 0.4840 
3YTZP,1 YR Zpex,1 YR 0.0439109 0.5229 
Cercon®xt ,168 HT Cercon®xt ,RT 0.0424874 0.5088 
3YTZP,24 HT Cercon®xt ,168 HT 0.0420819 0.5402 
Zpex Smile,5 HT Zpex Smile,24 HT 0.0414958 0.5459 
Zpex Smile,5 HT Cercon®xt ,5 HT 0.0410218 0.5505 
Cercon®xt ,5 HT Cercon®xt ,24 HT 0.0398881 0.5615 
Zpex Smile,24 HT Cercon®xt ,24 HT 0.0394141 0.5661 
Zpex,1 YR 3YTZP,5 HT 0.0389823 0.5704 
3YTZP,RT Zpex,168 HT 0.0385628 0.5745 
Cercon®xt ,5 HT Zpex,24 HT 0.0381177 0.5789 
Zpex Smile,24 HT Zpex,24 HT 0.0376438 0.5836 
Zpex Smile,1 YR 3YTZP,1 YR 0.0367213 0.5928 
Zpex,5 HT Zpex,RT 0.0365143 0.5949 
Cercon®xt ,1 YR Cercon®xt ,RT 0.0349830 0.5861 
Zpex Smile,RT 3YTZP,24 HT 0.0346653 0.6136 
Cercon®xt ,168 HT Zpex Smile,1 YR 0.0337076 0.6234 
Cercon®xt ,5 HT Cercon®xt ,1 YR 0.0280672 0.6825 
Cercon®xt ,RT 3YTZP,1 YR 0.0279415 0.6634 
Zpex Smile,24 HT Cercon®xt ,1 YR 0.0275932 0.6876 
Cercon®xt ,1 YR Zpex Smile,1 YR 0.0262032 0.7025 
Zpex,5 HT 3YTZP,5 HT 0.0250248 0.7153 
Zpex,24 HT Cercon®xt ,RT 0.0249324 0.6977 
Cercon®xt ,24 HT Cercon®xt ,RT 0.0231621 0.7182 
3YTZP,5 HT 3YTZP,RT 0.0230975 0.7363 
3YTZP,24 HT Zpex Smile,24 HT 0.0219930 0.7485 
3YTZP,24 HT Cercon®xt ,5 HT 0.0215191 0.7537 
Cercon®xt ,5 HT Cercon®xt ,168 HT 0.0205628 0.7643 
Zpex Smile,24 HT Cercon®xt ,168 HT 0.0200888 0.7696 
Zpex Smile,5 HT 3YTZP,24 HT 0.0195027 0.7761 
Cercon®xt ,168 HT Cercon®xt ,24 HT 0.0193253 0.7781 
Cercon®xt ,168 HT Zpex,24 HT 0.0175549 0.7980 
Zpex,24 HT Zpex Smile,1 YR 0.0161527 0.8138 
Zpex Smile,RT Zpex Smile,5 HT 0.0151626 0.8250 
Cercon®xt ,24 HT Zpex Smile,1 YR 0.0143823 0.8339 
Zpex,1 YR Zpex,5 HT 0.0139575 0.8387 




Zpex,RT 3YTZP,RT 0.0116081 0.8656 
3YTZP,5 HT Zpex,RT 0.0114894 0.8669 
Zpex,168 HT 3YTZP,168 HT 0.0103371 0.8802 
Cercon®xt ,1 YR Zpex,24 HT 0.0100506 0.8835 
Zpex Smile,1 YR Cercon®xt ,RT 0.0087798 0.8911 
Cercon®xt ,168 HT Cercon®xt ,1 YR 0.0075043 0.9128 
Zpex,24 HT Cercon®xt ,24 HT 0.0017704 0.9794 
Cercon®xt ,5 HT Zpex Smile,24 HT 0.0004740 0.9945 
 
Table A 57: Level of significance of the effect of aging process on monoclinic phase 
of 3YTZP groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
168 HT RT 0.4919101 0.0512281 0.343317 0.6405030 <.0001* 
168 HT 5 HT 0.4779552 0.0512281 0.329362 0.6265481 <.0001* 
168 HT 24 HT 0.4579319 0.0512281 0.309339 0.6065247 <.0001* 
168 HT 1 YR 0.4443880 0.0512281 0.295795 0.5929808 <.0001* 
1 YR RT 0.0475221 0.0512281 -0.101071 0.1961150 0.8839 
24 HT RT 0.0339782 0.0512281 -0.114615 0.1825711 0.9627 
1 YR 5 HT 0.0335672 0.0512281 -0.115026 0.1821601 0.9643 
24 HT 5 HT 0.0200233 0.0512281 -0.128570 0.1686162 0.9948 
5 HT RT 0.0139549 0.0512281 -0.134638 0.1625478 0.9987 






Table A 58: Level of significance of surface treatments and aging process effect on 
monoclinic phase of 3YTZP groups 
Level - Level Difference Std Err Dif p-Value 
Sandblasting,168 HT Control,RT 0.6780764 0.0887297 <.0001* 
Sandblasting,168 HT Sandblasting,RT 0.6590766 0.0887297 <.0001* 
Sandblasting,168 HT Sandblasting,5 HT 0.6469102 0.0887297 <.0001* 
Sandblasting,168 HT Grinding,5 HT 0.6441775 0.0887297 <.0001* 
Sandblasting,168 HT Grinding,24 HT 0.6412075 0.0887297 <.0001* 
Sandblasting,168 HT Control,5 HT 0.6328760 0.0887297 <.0001* 
Sandblasting,168 HT Sandblasting,24 HT 0.6293765 0.0887297 <.0001* 
Sandblasting,168 HT Grinding,RT 0.6286754 0.0887297 <.0001* 
Sandblasting,168 HT Control,1 YR 0.6209098 0.0887297 <.0001* 
Sandblasting,168 HT Sandblasting,1 YR 0.6140467 0.0887297 <.0001* 
Sandblasting,168 HT Control,24 HT 0.5933098 0.0887297 <.0001* 
Sandblasting,168 HT Grinding,1 YR 0.5883055 0.0887297 <.0001* 
Control,168 HT Control,RT 0.5871780 0.0887297 <.0001* 
Control,168 HT Sandblasting,RT 0.5681782 0.0887297 <.0001* 
Control,168 HT Sandblasting,5 HT 0.5560118 0.0887297 <.0001* 
Control,168 HT Grinding,5 HT 0.5532791 0.0887297 <.0001* 
Control,168 HT Grinding,24 HT 0.5503091 0.0887297 <.0001* 
Control,168 HT Control,5 HT 0.5419776 0.0887297 <.0001* 
Control,168 HT Sandblasting,24 HT 0.5384781 0.0887297 <.0001* 
Control,168 HT Grinding,RT 0.5377770 0.0887297 0.0001* 
Control,168 HT Control,1 YR 0.5300114 0.0887297 0.0001* 
Control,168 HT Sandblasting,1 YR 0.5231483 0.0887297 0.0002* 
Control,168 HT Control,24 HT 0.5024114 0.0887297 0.0003* 
Control,168 HT Grinding,1 YR 0.4974071 0.0887297 0.0003* 
Sandblasting,168 HT Grinding,168 HT 0.3991998 0.0887297 0.0067* 
Control,168 HT Grinding,168 HT 0.3083013 0.0887297 0.0803 
Grinding,168 HT Control,RT 0.2788767 0.0887297 0.1602 
Grinding,168 HT Sandblasting,RT 0.2598769 0.0887297 0.2394 
Grinding,168 HT Sandblasting,5 HT 0.2477104 0.0887297 0.3030 
Grinding,168 HT Grinding,5 HT 0.2449778 0.0887297 0.3186 
Grinding,168 HT Grinding,24 HT 0.2420077 0.0887297 0.3362 
Grinding,168 HT Control,5 HT 0.2336763 0.0887297 0.3884 
Grinding,168 HT Sandblasting,24 HT 0.2301767 0.0887297 0.4115 
Grinding,168 HT Grinding,RT 0.2294757 0.0887297 0.4162 
Grinding,168 HT Control,1 YR 0.2217101 0.0887297 0.4698 
Grinding,168 HT Sandblasting,1 YR 0.2148469 0.0887297 0.5190 
Grinding,168 HT Control,24 HT 0.1941101 0.0887297 0.6705 
Grinding,168 HT Grinding,1 YR 0.1891057 0.0887297 0.7059 
Sandblasting,168 HT Control,168 HT 0.0908984 0.0887297 0.9990 
Grinding,1 YR Control,RT 0.0897709 0.0887297 0.9992 
Control,24 HT Control,RT 0.0847666 0.0887297 0.9995 




Control,24 HT Sandblasting,RT 0.0657668 0.0887297 1.0000 
Sandblasting,1 YR Control,RT 0.0640297 0.0887297 1.0000 
Grinding,1 YR Sandblasting,5 HT 0.0586047 0.0887297 1.0000 
Control,1 YR Control,RT 0.0571666 0.0887297 1.0000 
Grinding,1 YR Grinding,5 HT 0.0558720 0.0887297 1.0000 
Control,24 HT Sandblasting,5 HT 0.0536004 0.0887297 1.0000 
Grinding,1 YR Grinding,24 HT 0.0529020 0.0887297 1.0000 
Control,24 HT Grinding,5 HT 0.0508677 0.0887297 1.0000 
Grinding,RT Control,RT 0.0494010 0.0887297 1.0000 
Sandblasting,24 HT Control,RT 0.0486999 0.0887297 1.0000 
Control,24 HT Grinding,24 HT 0.0478977 0.0887297 1.0000 
Control,5 HT Control,RT 0.0452004 0.0887297 1.0000 
Sandblasting,1 YR Sandblasting,RT 0.0450299 0.0887297 1.0000 
Grinding,1 YR Control,5 HT 0.0445705 0.0887297 1.0000 
Grinding,1 YR Sandblasting,24 HT 0.0410710 0.0887297 1.0000 
Grinding,1 YR Grinding,RT 0.0403699 0.0887297 1.0000 
Control,24 HT Control,5 HT 0.0395662 0.0887297 1.0000 
Control,1 YR Sandblasting,RT 0.0381668 0.0887297 1.0000 
Grinding,24 HT Control,RT 0.0368689 0.0887297 1.0000 
Control,24 HT Sandblasting,24 HT 0.0360667 0.0887297 1.0000 
Control,24 HT Grinding,RT 0.0353656 0.0887297 1.0000 
Grinding,5 HT Control,RT 0.0338989 0.0887297 1.0000 
Sandblasting,1 YR Sandblasting,5 HT 0.0328635 0.0887297 1.0000 
Grinding,1 YR Control,1 YR 0.0326043 0.0887297 1.0000 
Sandblasting,5 HT Control,RT 0.0311662 0.0887297 1.0000 
Grinding,RT Sandblasting,RT 0.0304012 0.0887297 1.0000 
Sandblasting,1 YR Grinding,5 HT 0.0301308 0.0887297 1.0000 
Sandblasting,24 HT Sandblasting,RT 0.0297001 0.0887297 1.0000 
Control,24 HT Control,1 YR 0.0276000 0.0887297 1.0000 
Sandblasting,1 YR Grinding,24 HT 0.0271608 0.0887297 1.0000 
Control,5 HT Sandblasting,RT 0.0262006 0.0887297 1.0000 
Control,1 YR Sandblasting,5 HT 0.0260004 0.0887297 1.0000 
Grinding,1 YR Sandblasting,1 YR 0.0257412 0.0887297 1.0000 
Control,1 YR Grinding,5 HT 0.0232677 0.0887297 1.0000 
Control,24 HT Sandblasting,1 YR 0.0207369 0.0887297 1.0000 
Control,1 YR Grinding,24 HT 0.0202977 0.0887297 1.0000 
Sandblasting,RT Control,RT 0.0189998 0.0887297 1.0000 
Sandblasting,1 YR Control,5 HT 0.0188293 0.0887297 1.0000 
Grinding,RT Sandblasting,5 HT 0.0182348 0.0887297 1.0000 
Grinding,24 HT Sandblasting,RT 0.0178691 0.0887297 1.0000 
Sandblasting,24 HT Sandblasting,5 HT 0.0175337 0.0887297 1.0000 
Grinding,RT Grinding,5 HT 0.0155021 0.0887297 1.0000 
Sandblasting,1 YR Sandblasting,24 HT 0.0153298 0.0887297 1.0000 
Grinding,5 HT Sandblasting,RT 0.0148991 0.0887297 1.0000 




Sandblasting,1 YR Grinding,RT 0.0146287 0.0887297 1.0000 
Control,5 HT Sandblasting,5 HT 0.0140341 0.0887297 1.0000 
Grinding,RT Grinding,24 HT 0.0125321 0.0887297 1.0000 
Sandblasting,5 HT Sandblasting,RT 0.0121664 0.0887297 1.0000 
Control,1 YR Control,5 HT 0.0119662 0.0887297 1.0000 
Sandblasting,24 HT Grinding,24 HT 0.0118310 0.0887297 1.0000 
Control,5 HT Grinding,5 HT 0.0113015 0.0887297 1.0000 
Control,1 YR Sandblasting,24 HT 0.0084667 0.0887297 1.0000 
Control,5 HT Grinding,24 HT 0.0083315 0.0887297 1.0000 
Control,1 YR Grinding,RT 0.0077656 0.0887297 1.0000 
Sandblasting,1 YR Control,1 YR 0.0068631 0.0887297 1.0000 
Grinding,24 HT Sandblasting,5 HT 0.0057027 0.0887297 1.0000 
Grinding,1 YR Control,24 HT 0.0050043 0.0887297 1.0000 
Grinding,RT Control,5 HT 0.0042006 0.0887297 1.0000 
Sandblasting,24 HT Control,5 HT 0.0034995 0.0887297 1.0000 
Grinding,24 HT Grinding,5 HT 0.0029701 0.0887297 1.0000 
Grinding,5 HT Sandblasting,5 HT 0.0027326 0.0887297 1.0000 
Grinding,RT Sandblasting,24 HT 0.0007011 0.0887297 1.0000 
 
Table A 59: Level of significance of aging process effect on tetragonal phase of 
3YTZP groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
5 HT 168 HT 0.4862868 0.0853856 0.238617 0.7339571 <.0001* 
RT 168 HT 0.4683477 0.0853856 0.220677 0.7160180 <.0001* 
1 YR 168 HT 0.3286376 0.0853856 0.080967 0.5763079 0.0049* 
24 HT 168 HT 0.3267208 0.0853856 0.079051 0.5743911 0.0052* 
5 HT 24 HT 0.1595660 0.0853856 -0.088104 0.4072363 0.3553 
5 HT 1 YR 0.1576492 0.0853856 -0.090021 0.4053195 0.3672 
RT 24 HT 0.1416269 0.0853856 -0.106043 0.3892972 0.4735 
RT 1 YR 0.1397101 0.0853856 -0.107960 0.3873804 0.4870 
5 HT RT 0.0179391 0.0853856 -0.229731 0.2656094 0.9995 
1 YR 24 HT 0.0019168 0.0853856 -0.245753 0.2495871 1.0000 
 
Table A 60: Level of significance of surface treatments and aging process effect on 
tetragonal phase of 3YTZP groups 
Level - Level Difference Std Err Dif p-Value 
Control,RT Control,168 HT 0.7265646 0.1478922 0.0023* 
Control,RT Sandblasting,168 HT 0.7230659 0.1478922 0.0024* 
Control,5 HT Control,168 HT 0.6359312 0.1478922 0.0112* 
Control,5 HT Sandblasting,168 HT 0.6324325 0.1478922 0.0119* 
Sandblasting,RT Control,168 HT 0.6009771 0.1478922 0.0202* 
Sandblasting,RT Sandblasting,168 HT 0.5974784 0.1478922 0.0214* 
Grinding,5 HT Control,168 HT 0.5929463 0.1478922 0.0231* 
Grinding,5 HT Sandblasting,168 HT 0.5894476 0.1478922 0.0245* 




Control,1 YR Sandblasting,168 HT 0.5788379 0.1478922 0.0291* 
Sandblasting,5 HT Control,168 HT 0.5564395 0.1478922 0.0418* 
Sandblasting,5 HT Sandblasting,168 HT 0.5529408 0.1478922 0.0441* 
Control,24 HT Control,168 HT 0.5193367 0.1478922 0.0740 
Control,24 HT Sandblasting,168 HT 0.5158379 0.1478922 0.0780 
Sandblasting,1 YR Control,168 HT 0.5050892 0.1478922 0.0914 
Control,RT Grinding,1 YR 0.5016211 0.1478922 0.0961 
Sandblasting,1 YR Sandblasting,168 HT 0.5015904 0.1478922 0.0961 
Grinding,24 HT Control,168 HT 0.4713122 0.1478922 0.1469 
Grinding,24 HT Sandblasting,168 HT 0.4678135 0.1478922 0.1540 
Control,5 HT Grinding,1 YR 0.4109877 0.1478922 0.3094 
Control,RT Sandblasting,24 HT 0.4105946 0.1478922 0.3108 
Grinding,RT Control,168 HT 0.4039579 0.1478922 0.3341 
Control,RT Grinding,168 HT 0.4036069 0.1478922 0.3354 
Grinding,RT Sandblasting,168 HT 0.4004591 0.1478922 0.3468 
Sandblasting,RT Grinding,1 YR 0.3760337 0.1478922 0.4426 
Grinding,5 HT Grinding,1 YR 0.3680029 0.1478922 0.4763 
Control,1 YR Grinding,1 YR 0.3573932 0.1478922 0.5221 
Sandblasting,5 HT Grinding,1 YR 0.3314960 0.1478922 0.6360 
Grinding,168 HT Control,168 HT 0.3229577 0.1478922 0.6730 
Control,RT Grinding,RT 0.3226067 0.1478922 0.6745 
Control,5 HT Sandblasting,24 HT 0.3199612 0.1478922 0.6858 
Grinding,168 HT Sandblasting,168 HT 0.3194590 0.1478922 0.6879 
Sandblasting,24 HT Control,168 HT 0.3159700 0.1478922 0.7027 
Control,5 HT Grinding,168 HT 0.3129735 0.1478922 0.7152 
Sandblasting,24 HT Sandblasting,168 HT 0.3124713 0.1478922 0.7172 
Control,24 HT Grinding,1 YR 0.2943932 0.1478922 0.7884 
Sandblasting,RT Sandblasting,24 HT 0.2850071 0.1478922 0.8219 
Sandblasting,1 YR Grinding,1 YR 0.2801457 0.1478922 0.8381 
Sandblasting,RT Grinding,168 HT 0.2780194 0.1478922 0.8450 
Grinding,5 HT Sandblasting,24 HT 0.2769763 0.1478922 0.8483 
Grinding,5 HT Grinding,168 HT 0.2699886 0.1478922 0.8695 
Control,1 YR Sandblasting,24 HT 0.2663667 0.1478922 0.8798 
Control,1 YR Grinding,168 HT 0.2593789 0.1478922 0.8982 
Control,RT Grinding,24 HT 0.2552524 0.1478922 0.9083 
Grinding,24 HT Grinding,1 YR 0.2463687 0.1478922 0.9277 
Sandblasting,5 HT Sandblasting,24 HT 0.2404695 0.1478922 0.9390 
Sandblasting,5 HT Grinding,168 HT 0.2334817 0.1478922 0.9507 
Control,5 HT Grinding,RT 0.2319733 0.1478922 0.9530 
Grinding,1 YR Control,168 HT 0.2249435 0.1478922 0.9628 
Control,RT Sandblasting,1 YR 0.2214754 0.1478922 0.9670 
Grinding,1 YR Sandblasting,168 HT 0.2214447 0.1478922 0.9671 
Control,RT Control,24 HT 0.2072279 0.1478922 0.9808 
Control,24 HT Sandblasting,24 HT 0.2033667 0.1478922 0.9836 




Control,24 HT Grinding,168 HT 0.1963789 0.1478922 0.9879 
Sandblasting,1 YR Sandblasting,24 HT 0.1891192 0.1478922 0.9914 
Grinding,5 HT Grinding,RT 0.1889885 0.1478922 0.9914 
Sandblasting,1 YR Grinding,168 HT 0.1821314 0.1478922 0.9939 
Grinding,RT Grinding,1 YR 0.1790144 0.1478922 0.9948 
Control,1 YR Grinding,RT 0.1783788 0.1478922 0.9950 
Control,RT Sandblasting,5 HT 0.1701251 0.1478922 0.9969 
Control,5 HT Grinding,24 HT 0.1646190 0.1478922 0.9977 
Grinding,24 HT Sandblasting,24 HT 0.1553422 0.1478922 0.9988 
Sandblasting,5 HT Grinding,RT 0.1524816 0.1478922 0.9990 
Grinding,24 HT Grinding,168 HT 0.1483545 0.1478922 0.9992 
Control,RT Control,1 YR 0.1442279 0.1478922 0.9994 
Control,RT Grinding,5 HT 0.1336183 0.1478922 0.9998 
Control,5 HT Sandblasting,1 YR 0.1308420 0.1478922 0.9998 
Sandblasting,RT Grinding,24 HT 0.1296649 0.1478922 0.9998 
Control,RT Sandblasting,RT 0.1255875 0.1478922 0.9999 
Grinding,5 HT Grinding,24 HT 0.1216341 0.1478922 0.9999 
Control,5 HT Control,24 HT 0.1165945 0.1478922 0.9999 
Control,24 HT Grinding,RT 0.1153788 0.1478922 1.0000 
Control,1 YR Grinding,24 HT 0.1110245 0.1478922 1.0000 
Sandblasting,1 YR Grinding,RT 0.1011313 0.1478922 1.0000 
Grinding,168 HT Grinding,1 YR 0.0980143 0.1478922 1.0000 
Sandblasting,RT Sandblasting,1 YR 0.0958879 0.1478922 1.0000 
Sandblasting,24 HT Grinding,1 YR 0.0910266 0.1478922 1.0000 
Control,RT Control,5 HT 0.0906334 0.1478922 1.0000 
Grinding,RT Sandblasting,24 HT 0.0879879 0.1478922 1.0000 
Grinding,5 HT Sandblasting,1 YR 0.0878572 0.1478922 1.0000 
Sandblasting,5 HT Grinding,24 HT 0.0851273 0.1478922 1.0000 
Sandblasting,RT Control,24 HT 0.0816404 0.1478922 1.0000 
Grinding,RT Grinding,168 HT 0.0810001 0.1478922 1.0000 
Control,5 HT Sandblasting,5 HT 0.0794917 0.1478922 1.0000 
Control,1 YR Sandblasting,1 YR 0.0772475 0.1478922 1.0000 
Grinding,5 HT Control,24 HT 0.0736097 0.1478922 1.0000 
Grinding,24 HT Grinding,RT 0.0673543 0.1478922 1.0000 
Control,1 YR Control,24 HT 0.0630000 0.1478922 1.0000 
Control,5 HT Control,1 YR 0.0535945 0.1478922 1.0000 
Sandblasting,5 HT Sandblasting,1 YR 0.0513503 0.1478922 1.0000 
Control,24 HT Grinding,24 HT 0.0480245 0.1478922 1.0000 
Sandblasting,RT Sandblasting,5 HT 0.0445376 0.1478922 1.0000 
Control,5 HT Grinding,5 HT 0.0429849 0.1478922 1.0000 
Sandblasting,5 HT Control,24 HT 0.0371028 0.1478922 1.0000 
Grinding,5 HT Sandblasting,5 HT 0.0365069 0.1478922 1.0000 
Control,5 HT Sandblasting,RT 0.0349541 0.1478922 1.0000 
Sandblasting,1 YR Grinding,24 HT 0.0337770 0.1478922 1.0000 




Sandblasting,RT Control,1 YR 0.0186404 0.1478922 1.0000 
Control,24 HT Sandblasting,1 YR 0.0142475 0.1478922 1.0000 
Grinding,5 HT Control,1 YR 0.0106097 0.1478922 1.0000 
Sandblasting,RT Grinding,5 HT 0.0080308 0.1478922 1.0000 
Grinding,168 HT Sandblasting,24 HT 0.0069877 0.1478922 1.0000 
Sandblasting,168 HT Control,168 HT 0.0034987 0.1478922 1.0000 
 
Table A 61: Level of significance of surface treatments effect on rhombohedral 
phase of 3YTZP groups 
Level - Level Difference Std Err Dif p-Value 
Grinding Control 0.1487423 0.0368582 0.0010* 
Sandblasting Control 0.1067435 0.0368582 0.0186* 
Grinding Sandblasting 0.0419988 0.0368582 0.4979 
 
Table A 62: Level of significance of aging process effect on rhombohedral phase of 
3YTZP groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
1 YR 168 HT 0.1399173 0.0475837 0.001896 0.2779391 0.0457* 
1 YR 5 HT 0.1380637 0.0475837 0.000042 0.2760855 0.0499* 
24 HT 168 HT 0.1347271 0.0475837 -0.003295 0.2727489 0.0584 
24 HT 5 HT 0.1328735 0.0475837 -0.005148 0.2708953 0.0636 
1 YR RT 0.0855255 0.0475837 -0.052496 0.2235473 0.3937 
24 HT RT 0.0803353 0.0475837 -0.057686 0.2183571 0.4560 
RT 168 HT 0.0543918 0.0475837 -0.083630 0.1924136 0.7826 
RT 5 HT 0.0525382 0.0475837 -0.085484 0.1905600 0.8030 
1 YR 24 HT 0.0051902 0.0475837 -0.132832 0.1432120 1.0000 
5 HT 168 HT 0.0018536 0.0475837 -0.136168 0.1398753 1.0000 
 
Table A 63: Level of significance of surface treatment and aging process effect on 
rhombohedral phase of 3YTZP groups 
Level - Level Difference Std Err Dif p-Value 
Grinding,1 YR Control,5 HT 0.3412933 0.0824174 0.0167* 
Grinding,1 YR Control,RT 0.3400933 0.0824174 0.0173* 
Grinding,1 YR Sandblasting,168 HT 0.3102615 0.0824174 0.0416* 
Sandblasting,24 HT Control,5 HT 0.2984332 0.0824174 0.0579 
Sandblasting,24 HT Control,RT 0.2972333 0.0824174 0.0598 
Grinding,1 YR Control,168 HT 0.2944291 0.0824174 0.0646 
Grinding,1 YR Control,1 YR 0.2930267 0.0824174 0.0671 
Grinding,1 YR Grinding,5 HT 0.2830315 0.0824174 0.0877 
Grinding,1 YR Control,24 HT 0.2729934 0.0824174 0.1137 
Sandblasting,24 HT Sandblasting,168 HT 0.2674014 0.0824174 0.1308 
Grinding,1 YR Grinding,168 HT 0.2634590 0.0824174 0.1440 
Grinding,1 YR Sandblasting,RT 0.2613616 0.0824174 0.1515 
Sandblasting,24 HT Control,168 HT 0.2515690 0.0824174 0.1908 




Sandblasting,24 HT Grinding,5 HT 0.2401714 0.0824174 0.2458 
Grinding,1 YR Sandblasting,5 HT 0.2382641 0.0824174 0.2560 
Grinding,RT Control,5 HT 0.2377741 0.0824174 0.2586 
Grinding,RT Control,RT 0.2365742 0.0824174 0.2652 
Sandblasting,24 HT Control,24 HT 0.2301333 0.0824174 0.3027 
Sandblasting,24 HT Grinding,168 HT 0.2205989 0.0824174 0.3640 
Sandblasting,24 HT Sandblasting,RT 0.2185016 0.0824174 0.3783 
Grinding,RT Sandblasting,168 HT 0.2067423 0.0824174 0.4637 
Sandblasting,24 HT Sandblasting,5 HT 0.1954040 0.0824174 0.5517 
Grinding,24 HT Control,5 HT 0.1931785 0.0824174 0.5693 
Grinding,24 HT Control,RT 0.1919786 0.0824174 0.5788 
Grinding,RT Control,168 HT 0.1909099 0.0824174 0.5872 
Grinding,RT Control,1 YR 0.1895076 0.0824174 0.5983 
Sandblasting,1 YR Control,5 HT 0.1859224 0.0824174 0.6267 
Sandblasting,1 YR Control,RT 0.1847225 0.0824174 0.6361 
Grinding,RT Grinding,5 HT 0.1795123 0.0824174 0.6766 
Grinding,RT Control,24 HT 0.1694742 0.0824174 0.7511 
Grinding,24 HT Sandblasting,168 HT 0.1621467 0.0824174 0.8009 
Grinding,RT Grinding,168 HT 0.1599398 0.0824174 0.8150 
Grinding,RT Sandblasting,RT 0.1578425 0.0824174 0.8279 
Grinding,1 YR Sandblasting,1 YR 0.1553709 0.0824174 0.8425 
Sandblasting,1 YR Sandblasting,168 HT 0.1548906 0.0824174 0.8452 
Grinding,1 YR Grinding,24 HT 0.1481148 0.0824174 0.8814 
Grinding,24 HT Control,168 HT 0.1463143 0.0824174 0.8901 
Grinding,24 HT Control,1 YR 0.1449120 0.0824174 0.8966 
Sandblasting,1 YR Control,168 HT 0.1390582 0.0824174 0.9211 
Sandblasting,1 YR Control,1 YR 0.1376559 0.0824174 0.9264 
Grinding,24 HT Grinding,5 HT 0.1349167 0.0824174 0.9360 
Grinding,RT Sandblasting,5 HT 0.1347449 0.0824174 0.9366 
Sandblasting,1 YR Grinding,5 HT 0.1276606 0.0824174 0.9572 
Grinding,24 HT Control,24 HT 0.1248786 0.0824174 0.9639 
Sandblasting,1 YR Control,24 HT 0.1176226 0.0824174 0.9776 
Grinding,24 HT Grinding,168 HT 0.1153442 0.0824174 0.9810 
Grinding,24 HT Sandblasting,RT 0.1132469 0.0824174 0.9837 
Sandblasting,24 HT Sandblasting,1 YR 0.1125108 0.0824174 0.9846 
Sandblasting,1 YR Grinding,168 HT 0.1080881 0.0824174 0.9892 
Sandblasting,1 YR Sandblasting,RT 0.1059908 0.0824174 0.9909 
Sandblasting,24 HT Grinding,24 HT 0.1052547 0.0824174 0.9915 
Grinding,1 YR Grinding,RT 0.1035192 0.0824174 0.9927 
Sandblasting,5 HT Control,5 HT 0.1030292 0.0824174 0.9930 
Sandblasting,5 HT Control,RT 0.1018293 0.0824174 0.9937 
Grinding,24 HT Sandblasting,5 HT 0.0901493 0.0824174 0.9981 
Sandblasting,1 YR Sandblasting,5 HT 0.0828932 0.0824174 0.9992 
Sandblasting,RT Control,5 HT 0.0799317 0.0824174 0.9995 




Grinding,168 HT Control,5 HT 0.0778343 0.0824174 0.9996 
Grinding,168 HT Control,RT 0.0766344 0.0824174 0.9997 
Sandblasting,5 HT Sandblasting,168 HT 0.0719974 0.0824174 0.9998 
Control,24 HT Control,5 HT 0.0682999 0.0824174 0.9999 
Control,24 HT Control,RT 0.0670999 0.0824174 0.9999 
Sandblasting,24 HT Grinding,RT 0.0606591 0.0824174 1.0000 
Grinding,5 HT Control,5 HT 0.0582618 0.0824174 1.0000 
Grinding,5 HT Control,RT 0.0570619 0.0824174 1.0000 
Sandblasting,5 HT Control,168 HT 0.0561650 0.0824174 1.0000 
Sandblasting,5 HT Control,1 YR 0.0547627 0.0824174 1.0000 
Grinding,RT Sandblasting,1 YR 0.0518517 0.0824174 1.0000 
Sandblasting,RT Sandblasting,168 HT 0.0488999 0.0824174 1.0000 
Control,1 YR Control,5 HT 0.0482665 0.0824174 1.0000 
Control,1 YR Control,RT 0.0470666 0.0824174 1.0000 
Control,168 HT Control,5 HT 0.0468642 0.0824174 1.0000 
Grinding,168 HT Sandblasting,168 HT 0.0468025 0.0824174 1.0000 
Control,168 HT Control,RT 0.0456643 0.0824174 1.0000 
Sandblasting,5 HT Grinding,5 HT 0.0447674 0.0824174 1.0000 
Grinding,RT Grinding,24 HT 0.0445956 0.0824174 1.0000 
Grinding,1 YR Sandblasting,24 HT 0.0428601 0.0824174 1.0000 
Control,24 HT Sandblasting,168 HT 0.0372681 0.0824174 1.0000 
Sandblasting,5 HT Control,24 HT 0.0347293 0.0824174 1.0000 
Sandblasting,RT Control,168 HT 0.0330674 0.0824174 1.0000 
Sandblasting,RT Control,1 YR 0.0316651 0.0824174 1.0000 
Sandblasting,168 HT Control,5 HT 0.0310318 0.0824174 1.0000 
Grinding,168 HT Control,168 HT 0.0309701 0.0824174 1.0000 
Sandblasting,168 HT Control,RT 0.0298318 0.0824174 1.0000 
Grinding,168 HT Control,1 YR 0.0295678 0.0824174 1.0000 
Grinding,5 HT Sandblasting,168 HT 0.0272300 0.0824174 1.0000 
Sandblasting,5 HT Grinding,168 HT 0.0251949 0.0824174 1.0000 
Sandblasting,5 HT Sandblasting,RT 0.0230975 0.0824174 1.0000 
Sandblasting,RT Grinding,5 HT 0.0216698 0.0824174 1.0000 
Control,24 HT Control,168 HT 0.0214356 0.0824174 1.0000 
Control,24 HT Control,1 YR 0.0200333 0.0824174 1.0000 
Grinding,168 HT Grinding,5 HT 0.0195725 0.0824174 1.0000 
Control,1 YR Sandblasting,168 HT 0.0172348 0.0824174 1.0000 
Control,168 HT Sandblasting,168 HT 0.0158324 0.0824174 1.0000 
Sandblasting,RT Control,24 HT 0.0116318 0.0824174 1.0000 
Grinding,5 HT Control,168 HT 0.0113976 0.0824174 1.0000 
Control,24 HT Grinding,5 HT 0.0100381 0.0824174 1.0000 
Grinding,5 HT Control,1 YR 0.0099953 0.0824174 1.0000 
Grinding,168 HT Control,24 HT 0.0095344 0.0824174 1.0000 
Grinding,24 HT Sandblasting,1 YR 0.0072561 0.0824174 1.0000 
Sandblasting,RT Grinding,168 HT 0.0020973 0.0824174 1.0000 




Control,RT Control,5 HT 0.0011999 0.0824174 1.0000 
 
Table A 64: Level of significance of surface treatments effect on monoclinic phase of 
Zpex groups 









Sandblasting Grinding 0.1217257 0.0321406 0.042744 0.2007071 0.0018* 
Control Grinding 0.1064715 0.0321406 0.027490 0.1854529 0.0063* 
Sandblasting Control 0.0152542 0.0328034 -0.065356 0.0958642 0.8881 
 
Table A 65: Level of significance of aging process effect on monoclinic phase of Zpex 
groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
168 HT RT 0.4619318 0.0409130 0.343718 0.5801456 <.0001* 
168 HT 5 HT 0.4549168 0.0423489 0.332554 0.5772798 <.0001* 
168 HT 1 YR 0.4285767 0.0423489 0.306214 0.5509397 <.0001* 
168 HT 24 HT 0.2310542 0.0423489 0.108691 0.3534171 <.0001* 
24 HT RT 0.2308776 0.0409130 0.112664 0.3490914 <.0001* 
24 HT 5 HT 0.2238626 0.0423489 0.101500 0.3462255 <.0001* 
24 HT 1 YR 0.1975225 0.0423489 0.075160 0.3198855 0.0005* 
1 YR RT 0.0333550 0.0409130 -0.084859 0.1515689 0.9240 
1 YR 5 HT 0.0263401 0.0423489 -0.096023 0.1487030 0.9705 
5 HT RT 0.0070149 0.0409130 -0.111199 0.1252288 0.9998 
 
Table A 66: Level of significance of surface treatments and aging process effect on 
monoclinic phase of Zpex groups 
Level - Level Difference Std Err Dif p-Value 
Control,168 HT Control,RT 0.6598066 0.0733505 <.0001* 
Control,168 HT Control,5 HT 0.6398150 0.0733505 <.0001* 
Control,168 HT Grinding,5 HT 0.6214413 0.0733505 <.0001* 
Control,168 HT Sandblasting,RT 0.6096390 0.0733505 <.0001* 
Sandblasting,168 HT Control,RT 0.6062206 0.0733505 <.0001* 
Control,168 HT Grinding,RT 0.6050990 0.0656067 <.0001* 
Control,168 HT Grinding,1 YR 0.5993400 0.0733505 <.0001* 
Control,168 HT Control,1 YR 0.5960715 0.0733505 <.0001* 
Control,168 HT Sandblasting,5 HT 0.5922435 0.0733505 <.0001* 
Sandblasting,168 HT Control,5 HT 0.5862290 0.0733505 <.0001* 
Control,168 HT Sandblasting,1 YR 0.5790680 0.0733505 <.0001* 
Sandblasting,168 HT Grinding,5 HT 0.5678553 0.0733505 <.0001* 
Sandblasting,168 HT Sandblasting,RT 0.5560529 0.0733505 <.0001* 
Sandblasting,168 HT Grinding,RT 0.5515130 0.0656067 <.0001* 
Sandblasting,168 HT Grinding,1 YR 0.5457540 0.0733505 <.0001* 
Sandblasting,168 HT Control,1 YR 0.5424855 0.0733505 <.0001* 
Sandblasting,168 HT Sandblasting,5 HT 0.5386574 0.0733505 <.0001* 




Control,168 HT Grinding,24 HT 0.5103468 0.0733505 <.0001* 
Sandblasting,168 HT Grinding,24 HT 0.4567608 0.0733505 <.0001* 
Control,168 HT Grinding,168 HT 0.4351633 0.0733505 0.0001* 
Sandblasting,168 HT Grinding,168 HT 0.3815772 0.0733505 0.0009* 
Control,168 HT Control,24 HT 0.3433396 0.0733505 0.0037* 
Sandblasting,24 HT Control,RT 0.3315811 0.0733505 0.0057* 
Control,168 HT Sandblasting,24 HT 0.3282255 0.0733505 0.0065* 
Control,24 HT Control,RT 0.3164670 0.0733505 0.0099* 
Sandblasting,24 HT Control,5 HT 0.3115895 0.0733505 0.0118* 
Control,24 HT Control,5 HT 0.2964754 0.0733505 0.0200* 
Sandblasting,24 HT Grinding,5 HT 0.2932158 0.0733505 0.0223* 
Sandblasting,168 HT Control,24 HT 0.2897536 0.0733505 0.0251* 
Sandblasting,24 HT Sandblasting,RT 0.2814135 0.0733505 0.0332* 
Control,24 HT Grinding,5 HT 0.2781017 0.0733505 0.0371* 
Sandblasting,24 HT Grinding,RT 0.2768735 0.0656067 0.0127* 
Sandblasting,168 HT Sandblasting,24 HT 0.2746395 0.0733505 0.0416* 
Sandblasting,24 HT Grinding,1 YR 0.2711145 0.0733505 0.0466* 
Sandblasting,24 HT Control,1 YR 0.2678460 0.0733505 0.0517 
Control,24 HT Sandblasting,RT 0.2662993 0.0733505 0.0544 
Sandblasting,24 HT Sandblasting,5 HT 0.2640180 0.0733505 0.0584 
Control,24 HT Grinding,RT 0.2617594 0.0656067 0.0228* 
Control,24 HT Grinding,1 YR 0.2560004 0.0733505 0.0750 
Control,24 HT Control,1 YR 0.2527319 0.0733505 0.0828 
Sandblasting,24 HT Sandblasting,1 YR 0.2508425 0.0733505 0.0877 
Control,24 HT Sandblasting,5 HT 0.2489038 0.0733505 0.0929 
Control,24 HT Sandblasting,1 YR 0.2357284 0.0733505 0.1361 
Grinding,168 HT Control,RT 0.2246433 0.0733505 0.1840 
Grinding,168 HT Control,5 HT 0.2046517 0.0733505 0.3011 
Grinding,168 HT Grinding,5 HT 0.1862780 0.0733505 0.4427 
Sandblasting,24 HT Grinding,24 HT 0.1821213 0.0733505 0.4783 
Grinding,168 HT Sandblasting,RT 0.1744757 0.0733505 0.5458 
Grinding,168 HT Grinding,RT 0.1699357 0.0656067 0.4119 
Control,24 HT Grinding,24 HT 0.1670072 0.0733505 0.6127 
Grinding,168 HT Grinding,1 YR 0.1641767 0.0733505 0.6380 
Grinding,168 HT Control,1 YR 0.1609082 0.0733505 0.6668 
Grinding,168 HT Sandblasting,5 HT 0.1570802 0.0733505 0.6999 
Grinding,24 HT Control,RT 0.1494598 0.0733505 0.7626 
Grinding,168 HT Sandblasting,1 YR 0.1439048 0.0733505 0.8047 
Grinding,24 HT Control,5 HT 0.1294682 0.0733505 0.8950 
Grinding,24 HT Grinding,5 HT 0.1110945 0.0733505 0.9646 
Sandblasting,24 HT Grinding,168 HT 0.1069378 0.0733505 0.9739 
Grinding,24 HT Sandblasting,RT 0.0992922 0.0733505 0.9860 
Grinding,24 HT Grinding,RT 0.0947522 0.0656067 0.9758 
Control,24 HT Grinding,168 HT 0.0918236 0.0733505 0.9931 




Grinding,24 HT Control,1 YR 0.0857247 0.0733505 0.9964 
Grinding,24 HT Sandblasting,5 HT 0.0818967 0.0733505 0.9977 
Sandblasting,1 YR Control,RT 0.0807386 0.0733505 0.9980 
Grinding,168 HT Grinding,24 HT 0.0751835 0.0733505 0.9991 
Grinding,24 HT Sandblasting,1 YR 0.0687212 0.0733505 0.9997 
Sandblasting,5 HT Control,RT 0.0675632 0.0733505 0.9997 
Control,1 YR Control,RT 0.0637351 0.0733505 0.9999 
Sandblasting,1 YR Control,5 HT 0.0607470 0.0733505 0.9999 
Grinding,1 YR Control,RT 0.0604666 0.0733505 0.9999 
Grinding,RT Control,RT 0.0547076 0.0656067 0.9999 
Control,168 HT Sandblasting,168 HT 0.0535860 0.0733505 1.0000 
Sandblasting,RT Control,RT 0.0501676 0.0733505 1.0000 
Sandblasting,5 HT Control,5 HT 0.0475716 0.0733505 1.0000 
Control,1 YR Control,5 HT 0.0437435 0.0733505 1.0000 
Sandblasting,1 YR Grinding,5 HT 0.0423733 0.0733505 1.0000 
Grinding,1 YR Control,5 HT 0.0404750 0.0733505 1.0000 
Grinding,5 HT Control,RT 0.0383653 0.0733505 1.0000 
Grinding,RT Control,5 HT 0.0347160 0.0656067 1.0000 
Sandblasting,1 YR Sandblasting,RT 0.0305710 0.0733505 1.0000 
Sandblasting,RT Control,5 HT 0.0301760 0.0733505 1.0000 
Sandblasting,5 HT Grinding,5 HT 0.0291978 0.0733505 1.0000 
Sandblasting,1 YR Grinding,RT 0.0260310 0.0656067 1.0000 
Control,1 YR Grinding,5 HT 0.0253698 0.0733505 1.0000 
Grinding,1 YR Grinding,5 HT 0.0221013 0.0733505 1.0000 
Sandblasting,1 YR Grinding,1 YR 0.0202720 0.0733505 1.0000 
Control,5 HT Control,RT 0.0199916 0.0733505 1.0000 
Grinding,5 HT Control,5 HT 0.0183737 0.0733505 1.0000 
Sandblasting,5 HT Sandblasting,RT 0.0173955 0.0733505 1.0000 
Sandblasting,1 YR Control,1 YR 0.0170035 0.0733505 1.0000 
Grinding,RT Grinding,5 HT 0.0163423 0.0656067 1.0000 
Sandblasting,24 HT Control,24 HT 0.0151141 0.0733505 1.0000 
Control,1 YR Sandblasting,RT 0.0135675 0.0733505 1.0000 
Sandblasting,1 YR Sandblasting,5 HT 0.0131754 0.0733505 1.0000 
Sandblasting,5 HT Grinding,RT 0.0128556 0.0656067 1.0000 
Sandblasting,RT Grinding,5 HT 0.0118023 0.0733505 1.0000 
Grinding,1 YR Sandblasting,RT 0.0102990 0.0733505 1.0000 
Control,1 YR Grinding,RT 0.0090275 0.0656067 1.0000 
Sandblasting,5 HT Grinding,1 YR 0.0070966 0.0733505 1.0000 
Grinding,1 YR Grinding,RT 0.0057590 0.0656067 1.0000 
Grinding,RT Sandblasting,RT 0.0045400 0.0656067 1.0000 
Sandblasting,5 HT Control,1 YR 0.0038280 0.0733505 1.0000 






Table A 67: Level of significance of surface treatments effect on tetragonal phase of 
Zpex groups 









Control Sandblasting 0.1326341 0.0402510 0.033723 0.2315457 0.0066* 
Grinding Sandblasting 0.1050977 0.0394377 0.008184 0.2020108 0.0313* 
Control Grinding 0.0275365 0.0394377 -0.069377 0.1244496 0.7662 
 
Table A 68: Level of significance of aging process effect on tetragonal phase of Zpex 
groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
5 HT 168 HT 0.4206729 0.0519638 0.270529 0.5708169 <.0001* 
RT 168 HT 0.4146205 0.0502018 0.269568 0.5596734 <.0001* 
5 HT 24 HT 0.3115001 0.0519638 0.161356 0.4616441 <.0001* 
RT 24 HT 0.3054477 0.0502018 0.160395 0.4505006 <.0001* 
1 YR 168 HT 0.2945378 0.0519638 0.144394 0.4446818 <.0001* 
1 YR 24 HT 0.1853650 0.0519638 0.035221 0.3355090 0.0095* 
5 HT 1 YR 0.1261351 0.0519638 -0.024009 0.2762791 0.1340 
RT 1 YR 0.1200827 0.0502018 -0.024970 0.2651356 0.1436 
24 HT 168 HT 0.1091728 0.0519638 -0.040971 0.2593168 0.2445 
5 HT RT 0.0060524 0.0502018 -0.139001 0.1511053 0.9999 
 
Table A 69: Level of significance of surface treatments and aging process effect on 
tetragonal phase of Zpex groups 
Level - Level Difference Std Err Dif p-Value 
Control,RT Control,168 HT 0.7371610 0.0900039 <.0001* 
Control,5 HT Control,168 HT 0.7170829 0.0900039 <.0001* 
Control,RT Sandblasting,168 HT 0.6838852 0.0900039 <.0001* 
Control,5 HT Sandblasting,168 HT 0.6638071 0.0900039 <.0001* 
Control,1 YR Control,168 HT 0.6555302 0.0900039 <.0001* 
Control,RT Sandblasting,24 HT 0.6438935 0.0900039 <.0001* 
Control,5 HT Sandblasting,24 HT 0.6238153 0.0900039 <.0001* 
Control,1 YR Sandblasting,168 HT 0.6022544 0.0900039 <.0001* 
Sandblasting,RT Control,168 HT 0.5823922 0.0900039 <.0001* 
Control,1 YR Sandblasting,24 HT 0.5622627 0.0900039 <.0001* 
Grinding,5 HT Control,168 HT 0.5453779 0.0900039 <.0001* 
Sandblasting,5 HT Control,168 HT 0.5406870 0.0900039 <.0001* 
Sandblasting,RT Sandblasting,168 HT 0.5291164 0.0900039 0.0001* 
Grinding,5 HT Sandblasting,168 HT 0.4921021 0.0900039 0.0004* 
Sandblasting,RT Sandblasting,24 HT 0.4891247 0.0900039 0.0005* 
Grinding,168 HT Control,168 HT 0.4878533 0.0900039 0.0005* 
Sandblasting,5 HT Sandblasting,168 HT 0.4874112 0.0900039 0.0005* 
Grinding,24 HT Control,168 HT 0.4773172 0.0900039 0.0007* 
Sandblasting,1 YR Control,168 HT 0.4750437 0.0900039 0.0007* 




Grinding,5 HT Sandblasting,24 HT 0.4521104 0.0900039 0.0015* 
Sandblasting,5 HT Sandblasting,24 HT 0.4474195 0.0900039 0.0017* 
Control,RT Grinding,1 YR 0.4429923 0.0900039 0.0019* 
Control,RT Control,24 HT 0.4390982 0.0900039 0.0022* 
Grinding,168 HT Sandblasting,168 HT 0.4345775 0.0900039 0.0025* 
Grinding,24 HT Sandblasting,168 HT 0.4240414 0.0900039 0.0034* 
Control,5 HT Grinding,1 YR 0.4229142 0.0900039 0.0036* 
Sandblasting,1 YR Sandblasting,168 HT 0.4217679 0.0900039 0.0037* 
Control,5 HT Control,24 HT 0.4190201 0.0900039 0.0040* 
Grinding,RT Sandblasting,168 HT 0.4121616 0.0805019 0.0011* 
Grinding,168 HT Sandblasting,24 HT 0.3945858 0.0900039 0.0082* 
Grinding,24 HT Sandblasting,24 HT 0.3840497 0.0900039 0.0112* 
Sandblasting,1 YR Sandblasting,24 HT 0.3817761 0.0900039 0.0120* 
Grinding,RT Sandblasting,24 HT 0.3721699 0.0805019 0.0044* 
Control,1 YR Grinding,1 YR 0.3613615 0.0900039 0.0214* 
Control,1 YR Control,24 HT 0.3574674 0.0900039 0.0238* 
Control,24 HT Control,168 HT 0.2980628 0.0900039 0.1108 
Grinding,1 YR Control,168 HT 0.2941687 0.0900039 0.1215 
Sandblasting,RT Grinding,1 YR 0.2882236 0.0900039 0.1393 
Sandblasting,RT Control,24 HT 0.2843295 0.0900039 0.1521 
Control,RT Grinding,RT 0.2717235 0.0805019 0.0966 
Control,RT Sandblasting,1 YR 0.2621173 0.0900039 0.2435 
Control,RT Grinding,24 HT 0.2598438 0.0900039 0.2547 
Control,5 HT Grinding,RT 0.2516454 0.0805019 0.1625 
Grinding,5 HT Grinding,1 YR 0.2512093 0.0900039 0.3006 
Control,RT Grinding,168 HT 0.2493077 0.0900039 0.3113 
Grinding,5 HT Control,24 HT 0.2473151 0.0900039 0.3229 
Sandblasting,5 HT Grinding,1 YR 0.2465184 0.0900039 0.3275 
Control,24 HT Sandblasting,168 HT 0.2447870 0.0900039 0.3378 
Sandblasting,5 HT Control,24 HT 0.2426243 0.0900039 0.3510 
Control,5 HT Sandblasting,1 YR 0.2420392 0.0900039 0.3546 
Grinding,1 YR Sandblasting,168 HT 0.2408929 0.0900039 0.3617 
Control,5 HT Grinding,24 HT 0.2397657 0.0900039 0.3688 
Control,5 HT Grinding,168 HT 0.2292296 0.0900039 0.4382 
Control,24 HT Sandblasting,24 HT 0.2047952 0.0900039 0.6137 
Grinding,1 YR Sandblasting,24 HT 0.2009011 0.0900039 0.6419 
Control,RT Sandblasting,5 HT 0.1964740 0.0900039 0.6737 
Grinding,168 HT Grinding,1 YR 0.1936846 0.0900039 0.6933 
Control,RT Grinding,5 HT 0.1917831 0.0900039 0.7065 
Control,1 YR Grinding,RT 0.1900928 0.0805019 0.5571 
Grinding,168 HT Control,24 HT 0.1897905 0.0900039 0.7202 
Grinding,24 HT Grinding,1 YR 0.1831485 0.0900039 0.7642 
Sandblasting,1 YR Grinding,1 YR 0.1808750 0.0900039 0.7786 
Control,1 YR Sandblasting,1 YR 0.1804865 0.0900039 0.7810 




Control,1 YR Grinding,24 HT 0.1782130 0.0900039 0.7949 
Sandblasting,1 YR Control,24 HT 0.1769809 0.0900039 0.8023 
Control,5 HT Sandblasting,5 HT 0.1763958 0.0900039 0.8058 
Control,5 HT Grinding,5 HT 0.1717049 0.0900039 0.8325 
Grinding,RT Grinding,1 YR 0.1712688 0.0805019 0.7086 
Control,1 YR Grinding,168 HT 0.1676769 0.0900039 0.8538 
Grinding,RT Control,24 HT 0.1673747 0.0805019 0.7381 
Control,RT Sandblasting,RT 0.1547688 0.0900039 0.9114 
Control,5 HT Sandblasting,RT 0.1346906 0.0900039 0.9678 
Sandblasting,RT Grinding,RT 0.1169548 0.0805019 0.9746 
Control,1 YR Sandblasting,5 HT 0.1148432 0.0900039 0.9918 
Control,1 YR Grinding,5 HT 0.1101523 0.0900039 0.9944 
Sandblasting,RT Sandblasting,1 YR 0.1073486 0.0900039 0.9957 
Sandblasting,RT Grinding,24 HT 0.1050750 0.0900039 0.9965 
Sandblasting,RT Grinding,168 HT 0.0945389 0.0900039 0.9988 
Sandblasting,24 HT Control,168 HT 0.0932675 0.0900039 0.9990 
Control,RT Control,1 YR 0.0816308 0.0900039 0.9998 
Grinding,5 HT Grinding,RT 0.0799405 0.0805019 0.9993 
Sandblasting,5 HT Grinding,RT 0.0752496 0.0805019 0.9997 
Control,1 YR Sandblasting,RT 0.0731380 0.0900039 0.9999 
Grinding,5 HT Sandblasting,1 YR 0.0703343 0.0900039 1.0000 
Grinding,5 HT Grinding,24 HT 0.0680607 0.0900039 1.0000 
Sandblasting,5 HT Sandblasting,1 YR 0.0656434 0.0900039 1.0000 
Sandblasting,5 HT Grinding,24 HT 0.0633698 0.0900039 1.0000 
Control,5 HT Control,1 YR 0.0615527 0.0900039 1.0000 
Grinding,5 HT Grinding,168 HT 0.0575246 0.0900039 1.0000 
Sandblasting,168 HT Control,168 HT 0.0532758 0.0900039 1.0000 
Sandblasting,5 HT Grinding,168 HT 0.0528337 0.0900039 1.0000 
Sandblasting,RT Sandblasting,5 HT 0.0417052 0.0900039 1.0000 
Sandblasting,24 HT Sandblasting,168 HT 0.0399917 0.0900039 1.0000 
Sandblasting,RT Grinding,5 HT 0.0370143 0.0900039 1.0000 
Grinding,168 HT Grinding,RT 0.0224158 0.0805019 1.0000 
Control,RT Control,5 HT 0.0200781 0.0900039 1.0000 
Grinding,168 HT Sandblasting,1 YR 0.0128096 0.0900039 1.0000 
Grinding,24 HT Grinding,RT 0.0118797 0.0805019 1.0000 
Grinding,168 HT Grinding,24 HT 0.0105361 0.0900039 1.0000 
Sandblasting,1 YR Grinding,RT 0.0096062 0.0805019 1.0000 
Grinding,5 HT Sandblasting,5 HT 0.0046909 0.0900039 1.0000 
Control,24 HT Grinding,1 YR 0.0038941 0.0900039 1.0000 






Table A 70: Correlation between the surface treatments and the fraction of cubic 
phase of Zpex groups 









Grinding Control 0.0595783 0.0300928 -0.01437 0.133527 0.133 
Sandblasting Control 0.0324522 0.0307134 -0.04302 0.107926 0.547 
Grinding Sandblasting 0.0271261 0.0300928 -0.04682 0.101075 0.6434 
 
Table A 71: Level of significance of aging process effect on cubic phase of Zpex 
groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
1 YR RT 0.0585188 0.0383063 -0.052163 0.1692009 0.5528 
1 YR 5 HT 0.0565390 0.0396508 -0.058028 0.1711059 0.6160 
1 YR 24 HT 0.0496310 0.0396508 -0.064936 0.1641978 0.7217 
1 YR 168 HT 0.0421817 0.0396508 -0.072385 0.1567486 0.8234 
168 HT RT 0.0163371 0.0383063 -0.094345 0.1270191 0.9928 
168 HT 5 HT 0.0143573 0.0396508 -0.100210 0.1289241 0.9961 
24 HT RT 0.0088878 0.0383063 -0.101794 0.1195699 0.9993 
168 HT 24 HT 0.0074492 0.0396508 -0.107118 0.1220161 0.9997 
24 HT 5 HT 0.0069081 0.0396508 -0.107659 0.1214749 0.9998 
5 HT RT 0.0019797 0.0383063 -0.108702 0.1126618 1.0000 
 
Table A 72: Level of significance of surface treatments and aging process effect on 
cubic phase of Zpex groups 
Level - Level Difference Std Err Dif p-Value 
Grinding,1 YR Control,24 HT 0.2213006 0.0686771 0.1337 
Grinding,1 YR Control,5 HT 0.1894333 0.0686771 0.3174 
Grinding,1 YR Grinding,168 HT 0.1755014 0.0686771 0.4330 
Grinding,1 YR Sandblasting,5 HT 0.1708691 0.0686771 0.4751 
Grinding,1 YR Control,RT 0.1667580 0.0686771 0.5135 
Grinding,1 YR Control,1 YR 0.1661646 0.0686771 0.5191 
Grinding,1 YR Sandblasting,RT 0.1586645 0.0686771 0.5907 
Grinding,1 YR Grinding,RT 0.1486570 0.0614267 0.5187 
Grinding,1 YR Sandblasting,168 HT 0.1354301 0.0686771 0.7993 
Grinding,1 YR Sandblasting,1 YR 0.1323586 0.0686771 0.8227 
Grinding,1 YR Grinding,24 HT 0.1279055 0.0686771 0.8541 
Sandblasting,24 HT Control,24 HT 0.1230907 0.0686771 0.8843 
Grinding,1 YR Control,168 HT 0.1141369 0.0686771 0.9297 
Grinding,5 HT Control,24 HT 0.1134627 0.0686771 0.9326 
Grinding,1 YR Grinding,5 HT 0.1078379 0.0686771 0.9534 
Control,168 HT Control,24 HT 0.1071637 0.0686771 0.9555 




Grinding,24 HT Control,24 HT 0.0933951 0.0686771 0.9855 
Sandblasting,24 HT Control,5 HT 0.0912234 0.0686771 0.9882 
Sandblasting,1 YR Control,24 HT 0.0889420 0.0686771 0.9906 
Sandblasting,168 HT Control,24 HT 0.0858705 0.0686771 0.9932 
Grinding,5 HT Control,5 HT 0.0815954 0.0686771 0.9958 
Sandblasting,24 HT Grinding,168 HT 0.0772915 0.0686771 0.9976 
Control,168 HT Control,5 HT 0.0752964 0.0686771 0.9981 
Sandblasting,24 HT Sandblasting,5 HT 0.0726592 0.0686771 0.9987 
Grinding,RT Control,24 HT 0.0726436 0.0614267 0.9960 
Sandblasting,24 HT Control,RT 0.0685481 0.0686771 0.9993 
Sandblasting,24 HT Control,1 YR 0.0679547 0.0686771 0.9994 
Grinding,5 HT Grinding,168 HT 0.0676635 0.0686771 0.9994 
Grinding,5 HT Sandblasting,5 HT 0.0630312 0.0686771 0.9997 
Sandblasting,RT Control,24 HT 0.0626361 0.0686771 0.9997 
Grinding,24 HT Control,5 HT 0.0615278 0.0686771 0.9998 
Control,168 HT Grinding,168 HT 0.0613645 0.0686771 0.9998 
Sandblasting,24 HT Sandblasting,RT 0.0604546 0.0686771 0.9998 
Grinding,5 HT Control,RT 0.0589201 0.0686771 0.9999 
Grinding,5 HT Control,1 YR 0.0583267 0.0686771 0.9999 
Sandblasting,1 YR Control,5 HT 0.0570747 0.0686771 0.9999 
Control,168 HT Sandblasting,5 HT 0.0567322 0.0686771 0.9999 
Control,1 YR Control,24 HT 0.0551360 0.0686771 0.9999 
Control,RT Control,24 HT 0.0545426 0.0686771 0.9999 
Sandblasting,168 HT Control,5 HT 0.0540032 0.0686771 1.0000 
Control,168 HT Control,RT 0.0526211 0.0686771 1.0000 
Control,168 HT Control,1 YR 0.0520277 0.0686771 1.0000 
Grinding,5 HT Sandblasting,RT 0.0508266 0.0686771 1.0000 
Sandblasting,24 HT Grinding,RT 0.0504471 0.0614267 0.9999 
Sandblasting,5 HT Control,24 HT 0.0504315 0.0686771 1.0000 
Grinding,24 HT Grinding,168 HT 0.0475959 0.0686771 1.0000 
Grinding,168 HT Control,24 HT 0.0457992 0.0686771 1.0000 
Control,168 HT Sandblasting,RT 0.0445276 0.0686771 1.0000 
Sandblasting,1 YR Grinding,168 HT 0.0431428 0.0686771 1.0000 
Grinding,24 HT Sandblasting,5 HT 0.0429636 0.0686771 1.0000 
Grinding,5 HT Grinding,RT 0.0408191 0.0614267 1.0000 
Grinding,RT Control,5 HT 0.0407763 0.0614267 1.0000 
Sandblasting,168 HT Grinding,168 HT 0.0400713 0.0686771 1.0000 
Grinding,24 HT Control,RT 0.0388525 0.0686771 1.0000 
Sandblasting,1 YR Sandblasting,5 HT 0.0385105 0.0686771 1.0000 
Grinding,24 HT Control,1 YR 0.0382591 0.0686771 1.0000 
Sandblasting,24 HT Sandblasting,168 HT 0.0372202 0.0686771 1.0000 
Sandblasting,168 HT Sandblasting,5 HT 0.0354390 0.0686771 1.0000 
Control,168 HT Grinding,RT 0.0345201 0.0614267 1.0000 
Sandblasting,1 YR Control,RT 0.0343994 0.0686771 1.0000 




Sandblasting,1 YR Control,1 YR 0.0338060 0.0686771 1.0000 
Control,5 HT Control,24 HT 0.0318673 0.0686771 1.0000 
Sandblasting,168 HT Control,RT 0.0313279 0.0686771 1.0000 
Sandblasting,RT Control,5 HT 0.0307688 0.0686771 1.0000 
Grinding,24 HT Sandblasting,RT 0.0307590 0.0686771 1.0000 
Sandblasting,168 HT Control,1 YR 0.0307345 0.0686771 1.0000 
Sandblasting,24 HT Grinding,24 HT 0.0296956 0.0686771 1.0000 
Grinding,5 HT Sandblasting,168 HT 0.0275922 0.0686771 1.0000 
Grinding,RT Grinding,168 HT 0.0268444 0.0614267 1.0000 
Sandblasting,1 YR Sandblasting,RT 0.0263059 0.0686771 1.0000 
Grinding,5 HT Sandblasting,1 YR 0.0245207 0.0686771 1.0000 
Control,1 YR Control,5 HT 0.0232687 0.0686771 1.0000 
Sandblasting,168 HT Sandblasting,RT 0.0232344 0.0686771 1.0000 
Control,RT Control,5 HT 0.0226753 0.0686771 1.0000 
Grinding,RT Sandblasting,5 HT 0.0222121 0.0614267 1.0000 
Control,168 HT Sandblasting,168 HT 0.0212932 0.0686771 1.0000 
Grinding,24 HT Grinding,RT 0.0207515 0.0614267 1.0000 
Grinding,5 HT Grinding,24 HT 0.0200676 0.0686771 1.0000 
Sandblasting,5 HT Control,5 HT 0.0185642 0.0686771 1.0000 
Control,168 HT Sandblasting,1 YR 0.0182217 0.0686771 1.0000 
Grinding,RT Control,RT 0.0181010 0.0614267 1.0000 
Grinding,RT Control,1 YR 0.0175076 0.0614267 1.0000 
Sandblasting,RT Grinding,168 HT 0.0168369 0.0686771 1.0000 
Sandblasting,1 YR Grinding,RT 0.0162984 0.0614267 1.0000 
Sandblasting,24 HT Control,168 HT 0.0159270 0.0686771 1.0000 
Grinding,168 HT Control,5 HT 0.0139319 0.0686771 1.0000 
Control,168 HT Grinding,24 HT 0.0137686 0.0686771 1.0000 
Sandblasting,168 HT Grinding,RT 0.0132269 0.0614267 1.0000 
Sandblasting,RT Sandblasting,5 HT 0.0122046 0.0686771 1.0000 
Grinding,RT Sandblasting,RT 0.0100075 0.0614267 1.0000 
Sandblasting,24 HT Grinding,5 HT 0.0096280 0.0686771 1.0000 
Control,1 YR Grinding,168 HT 0.0093368 0.0686771 1.0000 
Control,RT Grinding,168 HT 0.0087434 0.0686771 1.0000 
Sandblasting,RT Control,RT 0.0080935 0.0686771 1.0000 
Grinding,24 HT Sandblasting,168 HT 0.0075246 0.0686771 1.0000 
Sandblasting,RT Control,1 YR 0.0075001 0.0686771 1.0000 
Grinding,5 HT Control,168 HT 0.0062990 0.0686771 1.0000 
Control,1 YR Sandblasting,5 HT 0.0047045 0.0686771 1.0000 
Sandblasting,5 HT Grinding,168 HT 0.0046323 0.0686771 1.0000 
Grinding,24 HT Sandblasting,1 YR 0.0044531 0.0686771 1.0000 
Control,RT Sandblasting,5 HT 0.0041111 0.0686771 1.0000 
Sandblasting,1 YR Sandblasting,168 HT 0.0030715 0.0686771 1.0000 






Table A 73: Level of significance of surface treatments effect on rhombohedral 
phase of Zpex groups 









Sandblasting Control 0.0849277 0.0306236 0.009674 0.1601813 0.0242* 
Grinding Control 0.0744363 0.0300049 0.000703 0.1481695 0.0475* 
Sandblasting Grinding 0.0104914 0.0300049 -0.063242 0.0842245 0.9350 
 
Table A 74: Level of significance of aging process effect on rhombohedral phase of 
Zpex groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
24 HT 168 HT 0.1293195 0.0395349 0.015088 0.2435515 0.0202* 
1 YR 168 HT 0.0918461 0.0395349 -0.022386 0.2060781 0.1639 
24 HT 5 HT 0.0807294 0.0395349 -0.033503 0.1949614 0.2699 
24 HT RT 0.0656823 0.0381943 -0.044676 0.1760410 0.4367 
RT 168 HT 0.0636372 0.0381943 -0.046721 0.1739958 0.4683 
5 HT 168 HT 0.0485901 0.0395349 -0.065642 0.1628221 0.7348 
1 YR 5 HT 0.0432560 0.0395349 -0.070976 0.1574880 0.8082 
24 HT 1 YR 0.0374734 0.0395349 -0.076759 0.1517055 0.8759 
1 YR RT 0.0282089 0.0381943 -0.082150 0.1385675 0.9457 
RT 5 HT 0.0150471 0.0381943 -0.095312 0.1254057 0.9947 
 
Table A 75: Level of significance of surface treatments and aging process effect on 
rhombohedral phase of Zpex groups 
Level - Level Difference Std Err Dif p-Value 
Sandblasting,24 HT Control,RT 0.2437643 0.0684764 0.0640 
Sandblasting,24 HT Control,1 YR 0.2264620 0.0684764 0.1119 
Sandblasting,24 HT Control,5 HT 0.2210024 0.0684764 0.1323 
Sandblasting,24 HT Control,168 HT 0.2190310 0.0684764 0.1403 
Grinding,1 YR Control,RT 0.2157677 0.0684764 0.1546 
Sandblasting,24 HT Grinding,168 HT 0.2103232 0.0684764 0.1808 
Grinding,RT Control,RT 0.1989149 0.0612472 0.1268 
Grinding,1 YR Control,1 YR 0.1984655 0.0684764 0.2497 
Sandblasting,24 HT Sandblasting,168 HT 0.1974276 0.0684764 0.2565 
Grinding,1 YR Control,5 HT 0.1930059 0.0684764 0.2869 
Grinding,1 YR Control,168 HT 0.1910344 0.0684764 0.3012 
Grinding,1 YR Grinding,168 HT 0.1823267 0.0684764 0.3695 
Grinding,RT Control,1 YR 0.1816127 0.0612472 0.2211 
Control,24 HT Control,RT 0.1771738 0.0684764 0.4136 
Grinding,RT Control,5 HT 0.1761531 0.0612472 0.2597 
Grinding,RT Control,168 HT 0.1741817 0.0612472 0.2747 
Sandblasting,24 HT Grinding,24 HT 0.1722328 0.0684764 0.4579 
Grinding,1 YR Sandblasting,168 HT 0.1694310 0.0684764 0.4838 
Grinding,RT Grinding,168 HT 0.1654739 0.0612472 0.3477 




Control,24 HT Control,5 HT 0.1544120 0.0684764 0.6271 
Grinding,RT Sandblasting,168 HT 0.1525783 0.0612472 0.4731 
Control,24 HT Control,168 HT 0.1524406 0.0684764 0.6458 
Sandblasting,24 HT Grinding,5 HT 0.1492666 0.0684764 0.6757 
Sandblasting,24 HT Sandblasting,RT 0.1472566 0.0684764 0.6943 
Sandblasting,1 YR Control,RT 0.1469793 0.0684764 0.6968 
Grinding,1 YR Grinding,24 HT 0.1442362 0.0684764 0.7216 
Control,24 HT Grinding,168 HT 0.1437328 0.0684764 0.7261 
Sandblasting,5 HT Control,RT 0.1330219 0.0684764 0.8149 
Control,24 HT Sandblasting,168 HT 0.1308371 0.0684764 0.8310 
Sandblasting,1 YR Control,1 YR 0.1296771 0.0684764 0.8393 
Grinding,RT Grinding,24 HT 0.1273834 0.0612472 0.7377 
Sandblasting,1 YR Control,5 HT 0.1242175 0.0684764 0.8754 
Sandblasting,1 YR Control,168 HT 0.1222461 0.0684764 0.8872 
Grinding,1 YR Grinding,5 HT 0.1212701 0.0684764 0.8927 
Grinding,1 YR Sandblasting,RT 0.1192601 0.0684764 0.9037 
Sandblasting,5 HT Control,1 YR 0.1157197 0.0684764 0.9212 
Sandblasting,1 YR Grinding,168 HT 0.1135383 0.0684764 0.9309 
Sandblasting,24 HT Sandblasting,5 HT 0.1107424 0.0684764 0.9421 
Sandblasting,5 HT Control,5 HT 0.1102600 0.0684764 0.9439 
Sandblasting,5 HT Control,168 HT 0.1082886 0.0684764 0.9508 
Control,24 HT Grinding,24 HT 0.1056423 0.0684764 0.9592 
Grinding,RT Grinding,5 HT 0.1044173 0.0612472 0.9164 
Grinding,RT Sandblasting,RT 0.1024073 0.0612472 0.9267 
Sandblasting,1 YR Sandblasting,168 HT 0.1006427 0.0684764 0.9721 
Sandblasting,5 HT Grinding,168 HT 0.0995808 0.0684764 0.9744 
Sandblasting,24 HT Sandblasting,1 YR 0.0967849 0.0684764 0.9798 
Sandblasting,RT Control,RT 0.0965076 0.0684764 0.9803 
Grinding,5 HT Control,RT 0.0944976 0.0684764 0.9835 
Sandblasting,5 HT Sandblasting,168 HT 0.0866852 0.0684764 0.9924 
Grinding,1 YR Sandblasting,5 HT 0.0827458 0.0684764 0.9951 
Control,24 HT Grinding,5 HT 0.0826762 0.0684764 0.9951 
Control,24 HT Sandblasting,RT 0.0806662 0.0684764 0.9962 
Sandblasting,RT Control,1 YR 0.0792054 0.0684764 0.9968 
Grinding,5 HT Control,1 YR 0.0771954 0.0684764 0.9975 
Sandblasting,1 YR Grinding,24 HT 0.0754478 0.0684764 0.9980 
Sandblasting,RT Control,5 HT 0.0737458 0.0684764 0.9984 
Sandblasting,RT Control,168 HT 0.0717743 0.0684764 0.9988 
Grinding,5 HT Control,5 HT 0.0717358 0.0684764 0.9988 
Grinding,24 HT Control,RT 0.0715315 0.0684764 0.9989 
Grinding,5 HT Control,168 HT 0.0697644 0.0684764 0.9991 
Grinding,1 YR Sandblasting,1 YR 0.0687884 0.0684764 0.9993 
Sandblasting,24 HT Control,24 HT 0.0665904 0.0684764 0.9995 
Grinding,RT Sandblasting,5 HT 0.0658931 0.0612472 0.9985 




Sandblasting,5 HT Grinding,24 HT 0.0614904 0.0684764 0.9998 
Grinding,5 HT Grinding,168 HT 0.0610566 0.0684764 0.9998 
Grinding,24 HT Control,1 YR 0.0542293 0.0684764 0.9999 
Sandblasting,1 YR Grinding,5 HT 0.0524817 0.0684764 1.0000 
Grinding,RT Sandblasting,1 YR 0.0519356 0.0612472 0.9999 
Sandblasting,1 YR Sandblasting,RT 0.0504717 0.0684764 1.0000 
Sandblasting,RT Sandblasting,168 HT 0.0501709 0.0684764 1.0000 
Grinding,24 HT Control,5 HT 0.0487696 0.0684764 1.0000 
Grinding,5 HT Sandblasting,168 HT 0.0481610 0.0684764 1.0000 
Grinding,24 HT Control,168 HT 0.0467982 0.0684764 1.0000 
Sandblasting,168 HT Control,RT 0.0463367 0.0684764 1.0000 
Sandblasting,24 HT Grinding,RT 0.0448493 0.0612472 1.0000 
Control,24 HT Sandblasting,5 HT 0.0441520 0.0684764 1.0000 
Grinding,1 YR Control,24 HT 0.0385939 0.0684764 1.0000 
Sandblasting,5 HT Grinding,5 HT 0.0385242 0.0684764 1.0000 
Grinding,24 HT Grinding,168 HT 0.0380904 0.0684764 1.0000 
Sandblasting,5 HT Sandblasting,RT 0.0365143 0.0684764 1.0000 
Grinding,168 HT Control,RT 0.0334410 0.0684764 1.0000 
Control,24 HT Sandblasting,1 YR 0.0301945 0.0684764 1.0000 
Sandblasting,168 HT Control,1 YR 0.0290345 0.0684764 1.0000 
Sandblasting,24 HT Grinding,1 YR 0.0279965 0.0684764 1.0000 
Grinding,24 HT Sandblasting,168 HT 0.0251948 0.0684764 1.0000 
Sandblasting,RT Grinding,24 HT 0.0249761 0.0684764 1.0000 
Control,168 HT Control,RT 0.0247333 0.0684764 1.0000 
Sandblasting,168 HT Control,5 HT 0.0235748 0.0684764 1.0000 
Grinding,5 HT Grinding,24 HT 0.0229662 0.0684764 1.0000 
Control,5 HT Control,RT 0.0227618 0.0684764 1.0000 
Grinding,RT Control,24 HT 0.0217411 0.0612472 1.0000 
Sandblasting,168 HT Control,168 HT 0.0216034 0.0684764 1.0000 
Control,1 YR Control,RT 0.0173022 0.0684764 1.0000 
Grinding,1 YR Grinding,RT 0.0168528 0.0612472 1.0000 
Grinding,168 HT Control,1 YR 0.0161388 0.0684764 1.0000 
Sandblasting,1 YR Sandblasting,5 HT 0.0139575 0.0684764 1.0000 
Sandblasting,168 HT Grinding,168 HT 0.0128956 0.0684764 1.0000 
Grinding,168 HT Control,5 HT 0.0106792 0.0684764 1.0000 
Grinding,168 HT Control,168 HT 0.0087078 0.0684764 1.0000 
Control,168 HT Control,1 YR 0.0074311 0.0684764 1.0000 
Control,5 HT Control,1 YR 0.0054596 0.0684764 1.0000 
Sandblasting,RT Grinding,5 HT 0.0020100 0.0684764 1.0000 






Table A 76: Level of significance of surface treatments effect on monoclinic phase of 
Zpex Smile groups 
Level - Level Difference Std Err Dif p-Value 
Grinding Control 0.0512785 0.0052493 <.0001* 
Grinding Sandblasting 0.0451589 0.0052493 <.0001* 
Sandblasting Control 0.0061195 0.0052493 0.4823 
 
Table A 77: Level of significance of aging process effect on monoclinic phase of Zpex 
Smile groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
24 HT 5 HT 0.0188541 0.0067768 -0.000803 0.0385111 0.0650 
168 HT 5 HT 0.0172230 0.0067768 -0.002434 0.0368800 0.1081 
RT 5 HT 0.0145911 0.0067768 -0.005066 0.0342481 0.2250 
24 HT 1 YR 0.0111368 0.0067768 -0.008520 0.0307938 0.4827 
168 HT 1 YR 0.0095058 0.0067768 -0.010151 0.0291628 0.6307 
1 YR 5 HT 0.0077172 0.0067768 -0.011940 0.0273742 0.7849 
RT 1 YR 0.0068739 0.0067768 -0.012783 0.0265309 0.8468 
24 HT RT 0.0042630 0.0067768 -0.015394 0.0239199 0.9692 
168 HT RT 0.0026319 0.0067768 -0.017025 0.0222889 0.9949 
24 HT 168 HT 0.0016311 0.0067768 -0.018026 0.0212880 0.9992 
 
Table A 78: Level of significance of surface treatments and aging process effect on 
monoclinic phase of Zpex Smile groups 
Level - Level Difference Std Err Dif p-Value 
Grinding,168 HT Control,RT 0.0740358 0.0117378 <.0001* 
Grinding,168 HT Control,5 HT 0.0740358 0.0117378 <.0001* 
Grinding,168 HT Control,24 HT 0.0740358 0.0117378 <.0001* 
Grinding,168 HT Control,168 HT 0.0740358 0.0117378 <.0001* 
Grinding,168 HT Control,1 YR 0.0740358 0.0117378 <.0001* 
Grinding,168 HT Sandblasting,5 HT 0.0740358 0.0117378 <.0001* 
Grinding,168 HT Sandblasting,168 HT 0.0740358 0.0117378 <.0001* 
Grinding,168 HT Sandblasting,RT 0.0730024 0.0117378 <.0001* 
Grinding,RT Control,RT 0.0651067 0.0117378 0.0004* 
Grinding,RT Control,5 HT 0.0651067 0.0117378 0.0004* 
Grinding,RT Control,24 HT 0.0651067 0.0117378 0.0004* 
Grinding,RT Control,168 HT 0.0651067 0.0117378 0.0004* 
Grinding,RT Control,1 YR 0.0651067 0.0117378 0.0004* 
Grinding,RT Sandblasting,5 HT 0.0651067 0.0117378 0.0004* 
Grinding,RT Sandblasting,168 HT 0.0651067 0.0117378 0.0004* 
Grinding,168 HT Sandblasting,1 YR 0.0651024 0.0117378 0.0004* 
Grinding,RT Sandblasting,RT 0.0640734 0.0117378 0.0005* 
Grinding,24 HT Control,5 HT 0.0582980 0.0117378 0.0019* 
Grinding,24 HT Control,24 HT 0.0582980 0.0117378 0.0019* 
Grinding,24 HT Control,168 HT 0.0582980 0.0117378 0.0019* 




Grinding,24 HT Sandblasting,5 HT 0.0582980 0.0117378 0.0019* 
Grinding,24 HT Sandblasting,168 HT 0.0582980 0.0117378 0.0019* 
Grinding,24 HT Control,RT 0.0582980 0.0117378 0.0019* 
Grinding,24 HT Sandblasting,RT 0.0572647 0.0117378 0.0025* 
Grinding,RT Sandblasting,1 YR 0.0561734 0.0117378 0.0032* 
Grinding,168 HT Sandblasting,24 HT 0.0534049 0.0117378 0.0059* 
Grinding,168 HT Grinding,5 HT 0.0516691 0.0117378 0.0086* 
Grinding,24 HT Sandblasting,1 YR 0.0493647 0.0117378 0.0142* 
Grinding,RT Sandblasting,24 HT 0.0444758 0.0117378 0.0392* 
Grinding,RT Grinding,5 HT 0.0427400 0.0117378 0.0553 
Grinding,24 HT Sandblasting,24 HT 0.0376671 0.0117378 0.1405 
Grinding,168 HT Grinding,1 YR 0.0374507 0.0117378 0.1458 
Grinding,1 YR Control,5 HT 0.0365851 0.0117378 0.1686 
Grinding,1 YR Control,24 HT 0.0365851 0.0117378 0.1686 
Grinding,1 YR Control,168 HT 0.0365851 0.0117378 0.1686 
Grinding,1 YR Control,1 YR 0.0365851 0.0117378 0.1686 
Grinding,1 YR Sandblasting,5 HT 0.0365851 0.0117378 0.1686 
Grinding,1 YR Sandblasting,168 HT 0.0365851 0.0117378 0.1686 
Grinding,1 YR Control,RT 0.0365851 0.0117378 0.1686 
Grinding,24 HT Grinding,5 HT 0.0359314 0.0117378 0.1876 
Grinding,1 YR Sandblasting,RT 0.0355517 0.0117378 0.1994 
Grinding,RT Grinding,1 YR 0.0285216 0.0117378 0.5135 
Grinding,1 YR Sandblasting,1 YR 0.0276517 0.0117378 0.5615 
Grinding,5 HT Control,5 HT 0.0223667 0.0117378 0.8326 
Grinding,5 HT Control,24 HT 0.0223667 0.0117378 0.8326 
Grinding,5 HT Control,168 HT 0.0223667 0.0117378 0.8326 
Grinding,5 HT Control,1 YR 0.0223667 0.0117378 0.8326 
Grinding,5 HT Sandblasting,5 HT 0.0223667 0.0117378 0.8326 
Grinding,5 HT Sandblasting,168 HT 0.0223667 0.0117378 0.8326 
Grinding,5 HT Control,RT 0.0223667 0.0117378 0.8326 
Grinding,24 HT Grinding,1 YR 0.0217130 0.0117378 0.8588 
Grinding,5 HT Sandblasting,RT 0.0213333 0.0117378 0.8729 
Sandblasting,24 HT Control,5 HT 0.0206309 0.0117378 0.8968 
Sandblasting,24 HT Control,24 HT 0.0206309 0.0117378 0.8968 
Sandblasting,24 HT Control,168 HT 0.0206309 0.0117378 0.8968 
Sandblasting,24 HT Control,1 YR 0.0206309 0.0117378 0.8968 
Sandblasting,24 HT Sandblasting,5 HT 0.0206309 0.0117378 0.8968 
Sandblasting,24 HT Sandblasting,168 HT 0.0206309 0.0117378 0.8968 
Sandblasting,24 HT Control,RT 0.0206309 0.0117378 0.8968 
Sandblasting,24 HT Sandblasting,RT 0.0195976 0.0117378 0.9266 
Grinding,1 YR Sandblasting,24 HT 0.0159542 0.0117378 0.9852 
Grinding,168 HT Grinding,24 HT 0.0157377 0.0117378 0.9869 
Grinding,1 YR Grinding,5 HT 0.0142184 0.0117378 0.9948 
Grinding,5 HT Sandblasting,1 YR 0.0134333 0.0117378 0.9970 




Sandblasting,1 YR Control,5 HT 0.0089333 0.0117378 1.0000 
Sandblasting,1 YR Control,24 HT 0.0089333 0.0117378 1.0000 
Sandblasting,1 YR Control,1 YR 0.0089333 0.0117378 1.0000 
Sandblasting,1 YR Control,168 HT 0.0089333 0.0117378 1.0000 
Sandblasting,1 YR Sandblasting,5 HT 0.0089333 0.0117378 1.0000 
Sandblasting,1 YR Sandblasting,168 HT 0.0089333 0.0117378 1.0000 
Sandblasting,1 YR Control,RT 0.0089333 0.0117378 1.0000 
Grinding,168 HT Grinding,RT 0.0089291 0.0117378 1.0000 
Sandblasting,1 YR Sandblasting,RT 0.0079000 0.0117378 1.0000 
Grinding,RT Grinding,24 HT 0.0068087 0.0117378 1.0000 
Grinding,5 HT Sandblasting,24 HT 0.0017358 0.0117378 1.0000 
Sandblasting,RT Control,5 HT 0.0010333 0.0117378 1.0000 
Sandblasting,RT Control,24 HT 0.0010333 0.0117378 1.0000 
Sandblasting,RT Control,1 YR 0.0010333 0.0117378 1.0000 
Sandblasting,RT Control,168 HT 0.0010333 0.0117378 1.0000 
Sandblasting,RT Sandblasting,5 HT 0.0010333 0.0117378 1.0000 
Sandblasting,RT Sandblasting,168 HT 0.0010333 0.0117378 1.0000 
Sandblasting,RT Control,RT 0.0010333 0.0117378 1.0000 
Control,RT Control,5 HT 3.903e-18 0.0117378 1.0000 
Control,RT Control,24 HT 3.036e-18 0.0117378 1.0000 
Control,RT Control,1 YR 3.036e-18 0.0117378 1.0000 
Control,RT Control,168 HT 2.168e-18 0.0117378 1.0000 
Control,RT Sandblasting,5 HT 2.168e-18 0.0117378 1.0000 
Control,RT Sandblasting,168 HT 2.168e-18 0.0117378 1.0000 
Control,168 HT Control,5 HT 1.735e-18 0.0117378 1.0000 
Sandblasting,5 HT Control,5 HT 1.735e-18 0.0117378 1.0000 
Sandblasting,168 HT Control,5 HT 1.735e-18 0.0117378 1.0000 
Control,24 HT Control,5 HT 8.674e-19 0.0117378 1.0000 
Control,168 HT Control,24 HT 8.674e-19 0.0117378 1.0000 
Control,1 YR Control,5 HT 8.674e-19 0.0117378 1.0000 
Control,168 HT Control,1 YR 8.674e-19 0.0117378 1.0000 
Sandblasting,5 HT Control,24 HT 8.674e-19 0.0117378 1.0000 
Sandblasting,5 HT Control,1 YR 8.674e-19 0.0117378 1.0000 
Sandblasting,168 HT Control,24 HT 8.674e-19 0.0117378 1.0000 
Sandblasting,168 HT Control,1 YR 8.674e-19 0.0117378 1.0000 
Control,1 YR Control,24 HT 0.0000000 0.0117378 1.0000 
Sandblasting,5 HT Control,168 HT 0.0000000 0.0117378 1.0000 
Sandblasting,168 HT Control,168 HT 0.0000000 0.0117378 1.0000 






Table A 79: Level of significance of surface treatments effect on tetragonal phase of 
Zpex Smile groups 
Level - Level Difference Std Err Dif p-Value 
Control Grinding 0.5338819 0.0269649 <.0001* 
Control Sandblasting 0.5210420 0.0269649 <.0001* 
Sandblasting Grinding 0.0128400 0.0269649 0.8830 
 
Table A 80: Level of significance of aging process effect on tetragonal phase of Zpex 
Smile groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
168 HT 1 YR 0.0983777 0.0348115 -0.002597 0.1993524 0.0591 
168 HT 24 HT 0.0955856 0.0348115 -0.005389 0.1965604 0.0704 
RT 1 YR 0.0907757 0.0348115 -0.010199 0.1917504 0.0943 
RT 24 HT 0.0879837 0.0348115 -0.012991 0.1889584 0.1112 
168 HT 5 HT 0.0638420 0.0348115 -0.037133 0.1648167 0.3738 
RT 5 HT 0.0562400 0.0348115 -0.044735 0.1572147 0.4994 
5 HT 1 YR 0.0345357 0.0348115 -0.066439 0.1355104 0.8568 
5 HT 24 HT 0.0317437 0.0348115 -0.069231 0.1327184 0.8901 
168 HT RT 0.0076020 0.0348115 -0.093373 0.1085767 0.9995 
24 HT 1 YR 0.0027920 0.0348115 -0.098183 0.1037668 1.0000 
 
Table A 81: Level of significance of surface treatments and aging process effect on 
tetragonal phase of Zpex Smile groups 
Level - Level Difference Std Err Dif p-Value 
Control,168 HT Grinding,1 YR 0.6546794 0.0602954 <.0001* 
Control,1 YR Grinding,1 YR 0.6517481 0.0602954 <.0001* 
Control,168 HT Sandblasting,24 HT 0.6431461 0.0602954 <.0001* 
Control,1 YR Sandblasting,24 HT 0.6402148 0.0602954 <.0001* 
Control,RT Grinding,1 YR 0.6341322 0.0602954 <.0001* 
Control,RT Sandblasting,24 HT 0.6225989 0.0602954 <.0001* 
Control,24 HT Grinding,1 YR 0.6173068 0.0602954 <.0001* 
Control,168 HT Sandblasting,5 HT 0.6149233 0.0602954 <.0001* 
Control,1 YR Sandblasting,5 HT 0.6119920 0.0602954 <.0001* 
Control,168 HT Sandblasting,1 YR 0.6088646 0.0602954 <.0001* 
Control,1 YR Sandblasting,1 YR 0.6059333 0.0602954 <.0001* 
Control,24 HT Sandblasting,24 HT 0.6057734 0.0602954 <.0001* 
Control,RT Sandblasting,5 HT 0.5943762 0.0602954 <.0001* 
Control,5 HT Grinding,1 YR 0.5894260 0.0602954 <.0001* 
Control,RT Sandblasting,1 YR 0.5883175 0.0602954 <.0001* 
Control,168 HT Grinding,RT 0.5804846 0.0602954 <.0001* 
Control,5 HT Sandblasting,24 HT 0.5778926 0.0602954 <.0001* 
Control,168 HT Grinding,24 HT 0.5775805 0.0602954 <.0001* 
Control,1 YR Grinding,RT 0.5775534 0.0602954 <.0001* 
Control,24 HT Sandblasting,5 HT 0.5775507 0.0602954 <.0001* 




Control,24 HT Sandblasting,1 YR 0.5714920 0.0602954 <.0001* 
Control,RT Grinding,RT 0.5599375 0.0602954 <.0001* 
Control,RT Grinding,24 HT 0.5570333 0.0602954 <.0001* 
Control,5 HT Sandblasting,5 HT 0.5496699 0.0602954 <.0001* 
Control,5 HT Sandblasting,1 YR 0.5436112 0.0602954 <.0001* 
Control,24 HT Grinding,RT 0.5431120 0.0602954 <.0001* 
Control,24 HT Grinding,24 HT 0.5402078 0.0602954 <.0001* 
Control,5 HT Grinding,RT 0.5152312 0.0602954 <.0001* 
Control,5 HT Grinding,24 HT 0.5123270 0.0602954 <.0001* 
Control,168 HT Grinding,168 HT 0.5000782 0.0602954 <.0001* 
Control,1 YR Grinding,168 HT 0.4971469 0.0602954 <.0001* 
Control,168 HT Grinding,5 HT 0.4826914 0.0602954 <.0001* 
Control,1 YR Grinding,5 HT 0.4797601 0.0602954 <.0001* 
Control,RT Grinding,168 HT 0.4795311 0.0602954 <.0001* 
Control,168 HT Sandblasting,168 HT 0.4712640 0.0602954 <.0001* 
Control,1 YR Sandblasting,168 HT 0.4683327 0.0602954 <.0001* 
Control,24 HT Grinding,168 HT 0.4627056 0.0602954 <.0001* 
Control,RT Grinding,5 HT 0.4621443 0.0602954 <.0001* 
Control,RT Sandblasting,168 HT 0.4507168 0.0602954 <.0001* 
Control,24 HT Grinding,5 HT 0.4453188 0.0602954 <.0001* 
Control,5 HT Grinding,168 HT 0.4348248 0.0602954 <.0001* 
Control,24 HT Sandblasting,168 HT 0.4338914 0.0602954 <.0001* 
Control,5 HT Grinding,5 HT 0.4174380 0.0602954 <.0001* 
Control,5 HT Sandblasting,168 HT 0.4060106 0.0602954 <.0001* 
Control,168 HT Sandblasting,RT 0.3931163 0.0602954 <.0001* 
Control,1 YR Sandblasting,RT 0.3901851 0.0602954 <.0001* 
Control,RT Sandblasting,RT 0.3725692 0.0602954 <.0001* 
Control,24 HT Sandblasting,RT 0.3557437 0.0602954 0.0002* 
Control,5 HT Sandblasting,RT 0.3278629 0.0602954 0.0005* 
Sandblasting,RT Grinding,1 YR 0.2615631 0.0602954 0.0101* 
Sandblasting,RT Sandblasting,24 HT 0.2500297 0.0602954 0.0164* 
Sandblasting,RT Sandblasting,5 HT 0.2218070 0.0602954 0.0507 
Sandblasting,RT Sandblasting,1 YR 0.2157483 0.0602954 0.0638 
Sandblasting,RT Grinding,RT 0.1873683 0.0602954 0.1717 
Sandblasting,RT Grinding,24 HT 0.1844641 0.0602954 0.1883 
Sandblasting,168 HT Grinding,1 YR 0.1834154 0.0602954 0.1946 
Grinding,5 HT Grinding,1 YR 0.1719880 0.0602954 0.2736 
Sandblasting,168 HT Sandblasting,24 HT 0.1718821 0.0602954 0.2744 
Grinding,5 HT Sandblasting,24 HT 0.1604547 0.0602954 0.3727 
Grinding,168 HT Grinding,1 YR 0.1546012 0.0602954 0.4295 
Sandblasting,168 HT Sandblasting,5 HT 0.1436593 0.0602954 0.5441 
Grinding,168 HT Sandblasting,24 HT 0.1430678 0.0602954 0.5504 
Sandblasting,168 HT Sandblasting,1 YR 0.1376006 0.0602954 0.6096 
Grinding,5 HT Sandblasting,5 HT 0.1322319 0.0602954 0.6671 




Grinding,168 HT Sandblasting,5 HT 0.1148451 0.0602954 0.8330 
Sandblasting,168 HT Grinding,RT 0.1092206 0.0602954 0.8755 
Grinding,168 HT Sandblasting,1 YR 0.1087864 0.0602954 0.8785 
Sandblasting,RT Grinding,168 HT 0.1069619 0.0602954 0.8906 
Sandblasting,168 HT Grinding,24 HT 0.1063165 0.0602954 0.8947 
Grinding,5 HT Grinding,RT 0.0977932 0.0602954 0.9401 
Grinding,5 HT Grinding,24 HT 0.0948890 0.0602954 0.9519 
Sandblasting,RT Grinding,5 HT 0.0895751 0.0602954 0.9690 
Grinding,168 HT Grinding,RT 0.0804064 0.0602954 0.9875 
Sandblasting,RT Sandblasting,168 HT 0.0781477 0.0602954 0.9903 
Grinding,168 HT Grinding,24 HT 0.0775022 0.0602954 0.9910 
Grinding,24 HT Grinding,1 YR 0.0770989 0.0602954 0.9914 
Grinding,RT Grinding,1 YR 0.0741948 0.0602954 0.9940 
Grinding,24 HT Sandblasting,24 HT 0.0655656 0.0602954 0.9982 
Control,168 HT Control,5 HT 0.0652534 0.0602954 0.9983 
Grinding,RT Sandblasting,24 HT 0.0626614 0.0602954 0.9989 
Control,1 YR Control,5 HT 0.0623221 0.0602954 0.9989 
Sandblasting,1 YR Grinding,1 YR 0.0458148 0.0602954 1.0000 
Control,RT Control,5 HT 0.0447063 0.0602954 1.0000 
Sandblasting,5 HT Grinding,1 YR 0.0397561 0.0602954 1.0000 
Control,168 HT Control,24 HT 0.0373726 0.0602954 1.0000 
Grinding,24 HT Sandblasting,5 HT 0.0373429 0.0602954 1.0000 
Control,1 YR Control,24 HT 0.0344413 0.0602954 1.0000 
Grinding,RT Sandblasting,5 HT 0.0344387 0.0602954 1.0000 
Sandblasting,1 YR Sandblasting,24 HT 0.0342815 0.0602954 1.0000 
Grinding,24 HT Sandblasting,1 YR 0.0312841 0.0602954 1.0000 
Sandblasting,168 HT Grinding,168 HT 0.0288142 0.0602954 1.0000 
Grinding,RT Sandblasting,1 YR 0.0283800 0.0602954 1.0000 
Sandblasting,5 HT Sandblasting,24 HT 0.0282227 0.0602954 1.0000 
Control,24 HT Control,5 HT 0.0278808 0.0602954 1.0000 
Control,168 HT Control,RT 0.0205472 0.0602954 1.0000 
Control,1 YR Control,RT 0.0176159 0.0602954 1.0000 
Grinding,5 HT Grinding,168 HT 0.0173868 0.0602954 1.0000 
Control,RT Control,24 HT 0.0168255 0.0602954 1.0000 
Sandblasting,24 HT Grinding,1 YR 0.0115333 0.0602954 1.0000 
Sandblasting,168 HT Grinding,5 HT 0.0114274 0.0602954 1.0000 
Sandblasting,1 YR Sandblasting,5 HT 0.0060587 0.0602954 1.0000 
Control,168 HT Control,1 YR 0.0029313 0.0602954 1.0000 






Table A 82: Level of significance of surface treatments effect on cubic phase of Zpex 
Smile groups 









Sandblasting Control 0.1939537 0.0374620 0.101597 0.2863102 <.0001* 
Grinding Control 0.1612168 0.0374620 0.068860 0.2535734 0.0005* 
Sandblasting Grinding 0.0327368 0.0374620 -0.059620 0.1250934 0.6606 
 
Table A 83: Level of significance of aging process effect on cubic phase of Zpex 
Smile groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
1 YR 168 HT 0.1282335 0.0483633 -0.012050 0.2685165 0.0861 
5 HT 168 HT 0.1275101 0.0483633 -0.012773 0.2677931 0.0888 
24 HT 168 HT 0.1078374 0.0483633 -0.032446 0.2481205 0.1965 
1 YR RT 0.1030906 0.0483633 -0.037192 0.2433737 0.2335 
5 HT RT 0.1023673 0.0483633 -0.037916 0.2426503 0.2396 
24 HT RT 0.0826946 0.0483633 -0.057588 0.2229777 0.4434 
RT 168 HT 0.0251428 0.0483633 -0.115140 0.1654259 0.9847 
1 YR 24 HT 0.0203960 0.0483633 -0.119887 0.1606791 0.9930 
5 HT 24 HT 0.0196727 0.0483633 -0.120610 0.1599557 0.9939 
1 YR 5 HT 0.0007234 0.0483633 -0.139560 0.1410064 1.0000 
 
Table A 84: Level of significance of surface treatments and aging process effect on 
cubic phase of Zpex Smile groups 
Level - Level Difference Std Err Dif p-Value 
Sandblasting,1 YR Control,168 HT 0.3694531 0.0837677 0.0084* 
Sandblasting,1 YR Control,1 YR 0.3598070 0.0837677 0.0113* 
Sandblasting,1 YR Control,RT 0.3438595 0.0837677 0.0182* 
Sandblasting,24 HT Control,168 HT 0.3382406 0.0837677 0.0215* 
Sandblasting,1 YR Control,24 HT 0.3299299 0.0837677 0.0274* 
Sandblasting,24 HT Control,1 YR 0.3285944 0.0837677 0.0285* 
Sandblasting,1 YR Sandblasting,RT 0.3183030 0.0837677 0.0382* 
Sandblasting,24 HT Control,RT 0.3126469 0.0837677 0.0448* 
Sandblasting,1 YR Sandblasting,168 HT 0.3072590 0.0837677 0.0520 
Sandblasting,1 YR Control,5 HT 0.3037936 0.0837677 0.0572 
Sandblasting,24 HT Control,24 HT 0.2987174 0.0837677 0.0656 
Sandblasting,5 HT Control,168 HT 0.2891530 0.0837677 0.0844 
Sandblasting,24 HT Sandblasting,RT 0.2870905 0.0837677 0.0890 
Sandblasting,5 HT Control,1 YR 0.2795068 0.0837677 0.1080 
Sandblasting,24 HT Sandblasting,168 HT 0.2760464 0.0837677 0.1177 
Sandblasting,24 HT Control,5 HT 0.2725810 0.0837677 0.1282 
Sandblasting,5 HT Control,RT 0.2635593 0.0837677 0.1592 
Sandblasting,5 HT Control,24 HT 0.2496298 0.0837677 0.2183 
Sandblasting,5 HT Sandblasting,RT 0.2380029 0.0837677 0.2789 




Sandblasting,5 HT Sandblasting,168 HT 0.2269588 0.0837677 0.3459 
Sandblasting,1 YR Grinding,168 HT 0.2254575 0.0837677 0.3557 
Grinding,5 HT Control,1 YR 0.2242614 0.0837677 0.3637 
Sandblasting,5 HT Control,5 HT 0.2234935 0.0837677 0.3688 
Sandblasting,1 YR Grinding,24 HT 0.2175148 0.0837677 0.4100 
Grinding,1 YR Control,168 HT 0.2117909 0.0837677 0.4514 
Grinding,5 HT Control,RT 0.2083139 0.0837677 0.4773 
Grinding,RT Control,168 HT 0.2048744 0.0837677 0.5033 
Grinding,1 YR Control,1 YR 0.2021447 0.0837677 0.5243 
Grinding,RT Control,1 YR 0.1952283 0.0837677 0.5779 
Grinding,5 HT Control,24 HT 0.1943843 0.0837677 0.5845 
Sandblasting,24 HT Grinding,168 HT 0.1942450 0.0837677 0.5856 
Sandblasting,24 HT Grinding,24 HT 0.1863023 0.0837677 0.6472 
Grinding,1 YR Control,RT 0.1861972 0.0837677 0.6480 
Grinding,5 HT Sandblasting,RT 0.1827575 0.0837677 0.6743 
Grinding,RT Control,RT 0.1792808 0.0837677 0.7004 
Grinding,1 YR Control,24 HT 0.1722677 0.0837677 0.7510 
Grinding,5 HT Sandblasting,168 HT 0.1717134 0.0837677 0.7548 
Grinding,5 HT Control,5 HT 0.1682480 0.0837677 0.7784 
Grinding,RT Control,24 HT 0.1653513 0.0837677 0.7974 
Sandblasting,1 YR Grinding,RT 0.1645787 0.0837677 0.8023 
Grinding,1 YR Sandblasting,RT 0.1606408 0.0837677 0.8266 
Sandblasting,1 YR Grinding,1 YR 0.1576623 0.0837677 0.8439 
Grinding,RT Sandblasting,RT 0.1537244 0.0837677 0.8653 
Grinding,24 HT Control,168 HT 0.1519383 0.0837677 0.8745 
Grinding,1 YR Sandblasting,168 HT 0.1495967 0.0837677 0.8859 
Grinding,1 YR Control,5 HT 0.1461313 0.0837677 0.9017 
Sandblasting,5 HT Grinding,168 HT 0.1451574 0.0837677 0.9058 
Grinding,168 HT Control,168 HT 0.1439956 0.0837677 0.9107 
Grinding,RT Sandblasting,168 HT 0.1426803 0.0837677 0.9159 
Grinding,24 HT Control,1 YR 0.1422921 0.0837677 0.9175 
Grinding,RT Control,5 HT 0.1392149 0.0837677 0.9289 
Sandblasting,5 HT Grinding,24 HT 0.1372147 0.0837677 0.9357 
Sandblasting,1 YR Grinding,5 HT 0.1355456 0.0837677 0.9411 
Grinding,168 HT Control,1 YR 0.1343494 0.0837677 0.9447 
Sandblasting,24 HT Grinding,RT 0.1333661 0.0837677 0.9476 
Sandblasting,24 HT Grinding,1 YR 0.1264497 0.0837677 0.9649 
Grinding,24 HT Control,RT 0.1263446 0.0837677 0.9651 
Grinding,168 HT Control,RT 0.1184019 0.0837677 0.9793 
Grinding,24 HT Control,24 HT 0.1124151 0.0837677 0.9867 
Grinding,168 HT Control,24 HT 0.1044724 0.0837677 0.9932 
Sandblasting,24 HT Grinding,5 HT 0.1043330 0.0837677 0.9933 
Grinding,24 HT Sandblasting,RT 0.1007882 0.0837677 0.9951 
Grinding,168 HT Sandblasting,RT 0.0928455 0.0837677 0.9978 




Grinding,24 HT Sandblasting,168 HT 0.0897441 0.0837677 0.9985 
Grinding,24 HT Control,5 HT 0.0862788 0.0837677 0.9990 
Sandblasting,5 HT Grinding,RT 0.0842785 0.0837677 0.9992 
Grinding,5 HT Grinding,24 HT 0.0819692 0.0837677 0.9994 
Grinding,168 HT Sandblasting,168 HT 0.0818014 0.0837677 0.9994 
Sandblasting,1 YR Sandblasting,5 HT 0.0803001 0.0837677 0.9995 
Grinding,168 HT Control,5 HT 0.0783360 0.0837677 0.9996 
Sandblasting,5 HT Grinding,1 YR 0.0773621 0.0837677 0.9997 
Grinding,1 YR Grinding,168 HT 0.0677953 0.0837677 0.9999 
Control,5 HT Control,168 HT 0.0656595 0.0837677 1.0000 
Sandblasting,168 HT Control,168 HT 0.0621942 0.0837677 1.0000 
Grinding,RT Grinding,168 HT 0.0608789 0.0837677 1.0000 
Grinding,1 YR Grinding,24 HT 0.0598526 0.0837677 1.0000 
Control,5 HT Control,1 YR 0.0560134 0.0837677 1.0000 
Sandblasting,5 HT Grinding,5 HT 0.0552455 0.0837677 1.0000 
Grinding,RT Grinding,24 HT 0.0529362 0.0837677 1.0000 
Sandblasting,168 HT Control,1 YR 0.0525480 0.0837677 1.0000 
Sandblasting,RT Control,168 HT 0.0511501 0.0837677 1.0000 
Sandblasting,24 HT Sandblasting,5 HT 0.0490876 0.0837677 1.0000 
Sandblasting,RT Control,1 YR 0.0415039 0.0837677 1.0000 
Control,5 HT Control,RT 0.0400659 0.0837677 1.0000 
Control,24 HT Control,168 HT 0.0395232 0.0837677 1.0000 
Sandblasting,168 HT Control,RT 0.0366005 0.0837677 1.0000 
Sandblasting,1 YR Sandblasting,24 HT 0.0312125 0.0837677 1.0000 
Control,24 HT Control,1 YR 0.0298770 0.0837677 1.0000 
Grinding,5 HT Grinding,RT 0.0290331 0.0837677 1.0000 
Control,5 HT Control,24 HT 0.0261363 0.0837677 1.0000 
Control,RT Control,168 HT 0.0255936 0.0837677 1.0000 
Sandblasting,RT Control,RT 0.0255564 0.0837677 1.0000 
Sandblasting,168 HT Control,24 HT 0.0226710 0.0837677 1.0000 
Grinding,5 HT Grinding,1 YR 0.0221167 0.0837677 1.0000 
Control,RT Control,1 YR 0.0159475 0.0837677 1.0000 
Control,5 HT Sandblasting,RT 0.0145094 0.0837677 1.0000 
Control,24 HT Control,RT 0.0139295 0.0837677 1.0000 
Sandblasting,RT Control,24 HT 0.0116269 0.0837677 1.0000 
Sandblasting,168 HT Sandblasting,RT 0.0110441 0.0837677 1.0000 
Control,1 YR Control,168 HT 0.0096461 0.0837677 1.0000 
Grinding,24 HT Grinding,168 HT 0.0079427 0.0837677 1.0000 
Grinding,1 YR Grinding,RT 0.0069164 0.0837677 1.0000 






Table A 85: Level of significance of surface treatments effect on rhombohedral 
phase of Zpex Smile groups 
Level - Level Difference p-Value 
Grinding Control 0.3213866 <.0001* 
Sandblasting Control 0.3209688 <.0001* 
Grinding Sandblasting 0.0004179 0.9999 
 
Table A 86: Level of significance of aging process effect on rhombohedral phase of 
Zpex Smile groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
168 HT 5 HT 0.0464451 0.0402378 -0.070269 0.1631594 0.7766 
24 HT 5 HT 0.0325622 0.0402378 -0.084152 0.1492765 0.9257 
RT 5 HT 0.0315362 0.0402378 -0.085178 0.1482504 0.9333 
1 YR 5 HT 0.0260951 0.0402378 -0.090619 0.1428094 0.9656 
168 HT 1 YR 0.0203500 0.0402378 -0.096364 0.1370642 0.9862 
168 HT RT 0.0149089 0.0402378 -0.101805 0.1316232 0.9958 
168 HT 24 HT 0.0138829 0.0402378 -0.102831 0.1305971 0.9968 
24 HT 1 YR 0.0064671 0.0402378 -0.110247 0.1231814 0.9998 
RT 1 YR 0.0054411 0.0402378 -0.111273 0.1221553 0.9999 
24 HT RT 0.0010261 0.0402378 -0.115688 0.1177403 1.0000 
 
Table A 87: Level of significance of surface treatments and aging process effect on 
rhombohedral phase of Zpex Smile groups 
Level - Level Difference Std Err Dif p-Value 
Sandblasting,168 HT Control,1 YR 0.4157847 0.0696940 0.0001* 
Sandblasting,168 HT Control,RT 0.4141163 0.0696940 0.0001* 
Grinding,1 YR Control,1 YR 0.4130183 0.0696940 0.0001* 
Grinding,1 YR Control,RT 0.4113500 0.0696940 0.0002* 
Sandblasting,168 HT Control,24 HT 0.4112204 0.0696940 0.0002* 
Sandblasting,168 HT Control,5 HT 0.4094759 0.0696940 0.0002* 
Sandblasting,168 HT Control,168 HT 0.4090698 0.0696940 0.0002* 
Grinding,1 YR Control,24 HT 0.4084540 0.0696940 0.0002* 
Grinding,1 YR Control,5 HT 0.4067096 0.0696940 0.0002* 
Grinding,1 YR Control,168 HT 0.4063035 0.0696940 0.0002* 
Grinding,24 HT Control,1 YR 0.3740590 0.0696940 0.0007* 
Grinding,24 HT Control,RT 0.3723906 0.0696940 0.0007* 
Grinding,24 HT Control,24 HT 0.3694947 0.0696940 0.0008* 
Grinding,24 HT Control,5 HT 0.3677502 0.0696940 0.0008* 
Grinding,24 HT Control,168 HT 0.3673441 0.0696940 0.0009* 
Sandblasting,RT Control,1 YR 0.3476478 0.0696940 0.0018* 
Sandblasting,RT Control,RT 0.3459794 0.0696940 0.0020* 
Sandblasting,RT Control,24 HT 0.3430835 0.0696940 0.0022* 
Sandblasting,RT Control,5 HT 0.3413390 0.0696940 0.0023* 
Sandblasting,RT Control,168 HT 0.3409329 0.0696940 0.0024* 




Sandblasting,5 HT Control,RT 0.3308168 0.0696940 0.0035* 
Sandblasting,5 HT Control,24 HT 0.3279209 0.0696940 0.0039* 
Sandblasting,5 HT Control,5 HT 0.3261764 0.0696940 0.0042* 
Sandblasting,5 HT Control,168 HT 0.3257703 0.0696940 0.0042* 
Grinding,RT Control,1 YR 0.3172183 0.0696940 0.0058* 
Grinding,RT Control,RT 0.3155500 0.0696940 0.0062* 
Grinding,RT Control,24 HT 0.3126541 0.0696940 0.0069* 
Grinding,RT Control,5 HT 0.3109096 0.0696940 0.0074* 
Grinding,RT Control,168 HT 0.3105035 0.0696940 0.0075* 
Sandblasting,24 HT Control,1 YR 0.2909894 0.0696940 0.0153* 
Sandblasting,24 HT Control,RT 0.2893211 0.0696940 0.0162* 
Grinding,168 HT Control,1 YR 0.2887617 0.0696940 0.0166* 
Grinding,168 HT Control,RT 0.2870934 0.0696940 0.0176* 
Sandblasting,24 HT Control,24 HT 0.2864252 0.0696940 0.0180* 
Sandblasting,24 HT Control,5 HT 0.2846807 0.0696940 0.0192* 
Sandblasting,24 HT Control,168 HT 0.2842746 0.0696940 0.0195* 
Grinding,168 HT Control,24 HT 0.2841975 0.0696940 0.0195* 
Grinding,168 HT Control,5 HT 0.2824530 0.0696940 0.0208* 
Grinding,168 HT Control,168 HT 0.2820469 0.0696940 0.0211* 
Sandblasting,1 YR Control,1 YR 0.2371930 0.0696940 0.0937 
Sandblasting,1 YR Control,RT 0.2355247 0.0696940 0.0987 
Grinding,5 HT Control,1 YR 0.2331321 0.0696940 0.1061 
Sandblasting,1 YR Control,24 HT 0.2326287 0.0696940 0.1077 
Grinding,5 HT Control,RT 0.2314637 0.0696940 0.1116 
Sandblasting,1 YR Control,5 HT 0.2308843 0.0696940 0.1135 
Sandblasting,1 YR Control,168 HT 0.2304782 0.0696940 0.1149 
Grinding,5 HT Control,24 HT 0.2285678 0.0696940 0.1217 
Grinding,5 HT Control,5 HT 0.2268233 0.0696940 0.1281 
Grinding,5 HT Control,168 HT 0.2264172 0.0696940 0.1296 
Sandblasting,168 HT Grinding,5 HT 0.1826526 0.0696940 0.3958 
Grinding,1 YR Grinding,5 HT 0.1798863 0.0696940 0.4193 
Sandblasting,168 HT Sandblasting,1 YR 0.1785917 0.0696940 0.4305 
Grinding,1 YR Sandblasting,1 YR 0.1758253 0.0696940 0.4548 
Grinding,24 HT Grinding,5 HT 0.1409269 0.0696940 0.7708 
Grinding,24 HT Sandblasting,1 YR 0.1368660 0.0696940 0.8028 
Sandblasting,168 HT Grinding,168 HT 0.1270230 0.0696940 0.8708 
Sandblasting,168 HT Sandblasting,24 HT 0.1247953 0.0696940 0.8840 
Grinding,1 YR Grinding,168 HT 0.1242566 0.0696940 0.8871 
Grinding,1 YR Sandblasting,24 HT 0.1220289 0.0696940 0.8993 
Sandblasting,RT Grinding,5 HT 0.1145157 0.0696940 0.9343 
Sandblasting,RT Sandblasting,1 YR 0.1104548 0.0696940 0.9493 
Sandblasting,5 HT Grinding,5 HT 0.0993531 0.0696940 0.9778 
Sandblasting,168 HT Grinding,RT 0.0985664 0.0696940 0.9792 
Grinding,1 YR Grinding,RT 0.0958000 0.0696940 0.9837 




Grinding,24 HT Grinding,168 HT 0.0852973 0.0696940 0.9943 
Grinding,RT Grinding,5 HT 0.0840863 0.0696940 0.9950 
Sandblasting,168 HT Sandblasting,5 HT 0.0832995 0.0696940 0.9954 
Grinding,24 HT Sandblasting,24 HT 0.0830695 0.0696940 0.9956 
Grinding,1 YR Sandblasting,5 HT 0.0805331 0.0696940 0.9967 
Grinding,RT Sandblasting,1 YR 0.0800253 0.0696940 0.9969 
Sandblasting,168 HT Sandblasting,RT 0.0681369 0.0696940 0.9994 
Grinding,1 YR Sandblasting,RT 0.0653705 0.0696940 0.9996 
Sandblasting,RT Grinding,168 HT 0.0588861 0.0696940 0.9999 
Sandblasting,24 HT Grinding,5 HT 0.0578574 0.0696940 0.9999 
Grinding,24 HT Grinding,RT 0.0568407 0.0696940 0.9999 
Sandblasting,RT Sandblasting,24 HT 0.0566583 0.0696940 0.9999 
Grinding,168 HT Grinding,5 HT 0.0556297 0.0696940 0.9999 
Sandblasting,24 HT Sandblasting,1 YR 0.0537964 0.0696940 1.0000 
Grinding,168 HT Sandblasting,1 YR 0.0515687 0.0696940 1.0000 
Sandblasting,5 HT Grinding,168 HT 0.0437235 0.0696940 1.0000 
Sandblasting,168 HT Grinding,24 HT 0.0417257 0.0696940 1.0000 
Grinding,24 HT Sandblasting,5 HT 0.0415738 0.0696940 1.0000 
Sandblasting,5 HT Sandblasting,24 HT 0.0414958 0.0696940 1.0000 
Grinding,1 YR Grinding,24 HT 0.0389593 0.0696940 1.0000 
Sandblasting,RT Grinding,RT 0.0304294 0.0696940 1.0000 
Grinding,RT Grinding,168 HT 0.0284566 0.0696940 1.0000 
Grinding,24 HT Sandblasting,RT 0.0264112 0.0696940 1.0000 
Grinding,RT Sandblasting,24 HT 0.0262289 0.0696940 1.0000 
Sandblasting,5 HT Grinding,RT 0.0152669 0.0696940 1.0000 
Sandblasting,RT Sandblasting,5 HT 0.0151626 0.0696940 1.0000 
Control,168 HT Control,1 YR 0.0067149 0.0696940 1.0000 
Control,5 HT Control,1 YR 0.0063088 0.0696940 1.0000 
Control,168 HT Control,RT 0.0050465 0.0696940 1.0000 
Control,5 HT Control,RT 0.0046404 0.0696940 1.0000 
Control,24 HT Control,1 YR 0.0045643 0.0696940 1.0000 
Sandblasting,1 YR Grinding,5 HT 0.0040610 0.0696940 1.0000 
Control,24 HT Control,RT 0.0028959 0.0696940 1.0000 
Sandblasting,168 HT Grinding,1 YR 0.0027664 0.0696940 1.0000 
Sandblasting,24 HT Grinding,168 HT 0.0022277 0.0696940 1.0000 
Control,168 HT Control,24 HT 0.0021506 0.0696940 1.0000 
Control,5 HT Control,24 HT 0.0017445 0.0696940 1.0000 
Control,RT Control,1 YR 0.0016684 0.0696940 1.0000 






Table A 88: Level of significance of surface treatments effect on monoclinic phase of 
Cercon®xt groups 
Level - Level Difference Std Err Dif p-Value 
Grinding Control 0.0629550 0.0152638 0.0007* 
Grinding Sandblasting 0.0596682 0.0150718 0.0012* 
Sandblasting Control 0.0032868 0.0150718 0.9741 
 
Table A 89: Level of significance of aging process effect on monoclinic phase of 
Cercon®xt groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
5 HT 24 HT 0.0356993 0.0197055 -0.021344 0.0927430 0.3853 
5 HT RT 0.0312338 0.0192906 -0.024609 0.0870764 0.4969 
5 HT 1 YR 0.0244194 0.0197055 -0.032624 0.0814631 0.7289 
5 HT 168 HT 0.0197111 0.0197055 -0.037333 0.0767548 0.8532 
168 HT 24 HT 0.0159882 0.0197055 -0.041055 0.0730319 0.9251 
168 HT RT 0.0115227 0.0192906 -0.044320 0.0673653 0.9745 
1 YR 24 HT 0.0112799 0.0197055 -0.045764 0.0683236 0.9781 
1 YR RT 0.0068144 0.0192906 -0.049028 0.0626570 0.9965 
168 HT 1 YR 0.0047083 0.0197055 -0.052335 0.0617520 0.9992 
RT 24 HT 0.0044655 0.0192906 -0.051377 0.0603082 0.9993 
 
Table A 90: Level of significance of surface treatments and aging process effect on 
monoclinic phase of Cercon®xt groups 
Level - Level Difference Std Err Dif p-Value 
Grinding,5 HT Control,RT 0.1338000 0.0341309 0.0278* 
Grinding,5 HT Control,5 HT 0.1338000 0.0341309 0.0278* 
Grinding,5 HT Control,1 YR 0.1338000 0.0341309 0.0278* 
Grinding,5 HT Sandblasting,5 HT 0.1338000 0.0341309 0.0278* 
Grinding,5 HT Control,168 HT 0.1331333 0.0341309 0.0292* 
Grinding,5 HT Sandblasting,RT 0.1331000 0.0319265 0.0150* 
Grinding,5 HT Control,24 HT 0.1329333 0.0341309 0.0296* 
Grinding,5 HT Sandblasting,168 HT 0.1296000 0.0341309 0.0375* 
Grinding,5 HT Sandblasting,24 HT 0.1286667 0.0341309 0.0400* 
Grinding,5 HT Sandblasting,1 YR 0.1258659 0.0341309 0.0486* 
Grinding,5 HT Grinding,24 HT 0.1130979 0.0341309 0.1118 
Grinding,5 HT Grinding,RT 0.0944013 0.0341309 0.3147 
Grinding,5 HT Grinding,1 YR 0.0811923 0.0341309 0.5461 
Grinding,168 HT Control,5 HT 0.0698001 0.0341309 0.7580 
Grinding,168 HT Control,1 YR 0.0698001 0.0341309 0.7580 
Grinding,168 HT Sandblasting,5 HT 0.0698001 0.0341309 0.7580 
Grinding,168 HT Control,RT 0.0698001 0.0341309 0.7580 
Grinding,168 HT Control,168 HT 0.0691334 0.0341309 0.7692 
Grinding,168 HT Sandblasting,RT 0.0691001 0.0319265 0.6854 
Grinding,168 HT Control,24 HT 0.0689334 0.0341309 0.7725 




Grinding,168 HT Sandblasting,24 HT 0.0646667 0.0341309 0.8384 
Grinding,5 HT Grinding,168 HT 0.0639999 0.0341309 0.8477 
Grinding,168 HT Sandblasting,1 YR 0.0618659 0.0341309 0.8755 
Grinding,1 YR Sandblasting,5 HT 0.0526077 0.0341309 0.9592 
Grinding,1 YR Control,RT 0.0526077 0.0341309 0.9592 
Grinding,1 YR Control,5 HT 0.0526077 0.0341309 0.9592 
Grinding,1 YR Control,1 YR 0.0526077 0.0341309 0.9592 
Grinding,1 YR Control,168 HT 0.0519410 0.0341309 0.9630 
Grinding,1 YR Sandblasting,RT 0.0519077 0.0319265 0.9394 
Grinding,1 YR Control,24 HT 0.0517410 0.0341309 0.9641 
Grinding,168 HT Grinding,24 HT 0.0490980 0.0341309 0.9764 
Grinding,1 YR Sandblasting,168 HT 0.0484077 0.0341309 0.9790 
Grinding,1 YR Sandblasting,24 HT 0.0474744 0.0341309 0.9822 
Grinding,1 YR Sandblasting,1 YR 0.0446736 0.0341309 0.9895 
Grinding,RT Sandblasting,5 HT 0.0393987 0.0341309 0.9968 
Grinding,RT Control,5 HT 0.0393987 0.0341309 0.9968 
Grinding,RT Control,1 YR 0.0393987 0.0341309 0.9968 
Grinding,RT Control,RT 0.0393987 0.0341309 0.9968 
Grinding,RT Control,168 HT 0.0387320 0.0341309 0.9973 
Grinding,RT Sandblasting,RT 0.0386987 0.0319265 0.9949 
Grinding,RT Control,24 HT 0.0385320 0.0341309 0.9974 
Grinding,RT Sandblasting,168 HT 0.0351987 0.0341309 0.9990 
Grinding,RT Sandblasting,24 HT 0.0342654 0.0341309 0.9992 
Grinding,1 YR Grinding,24 HT 0.0319056 0.0341309 0.9997 
Grinding,RT Sandblasting,1 YR 0.0314646 0.0341309 0.9997 
Grinding,168 HT Grinding,RT 0.0304014 0.0341309 0.9998 
Grinding,24 HT Sandblasting,5 HT 0.0207021 0.0341309 1.0000 
Grinding,24 HT Control,1 YR 0.0207021 0.0341309 1.0000 
Grinding,24 HT Control,5 HT 0.0207021 0.0341309 1.0000 
Grinding,24 HT Control,RT 0.0207021 0.0341309 1.0000 
Grinding,24 HT Control,168 HT 0.0200354 0.0341309 1.0000 
Grinding,24 HT Sandblasting,RT 0.0200021 0.0319265 1.0000 
Grinding,24 HT Control,24 HT 0.0198354 0.0341309 1.0000 
Grinding,RT Grinding,24 HT 0.0186966 0.0341309 1.0000 
Grinding,168 HT Grinding,1 YR 0.0171924 0.0341309 1.0000 
Grinding,24 HT Sandblasting,168 HT 0.0165021 0.0341309 1.0000 
Grinding,24 HT Sandblasting,24 HT 0.0155687 0.0341309 1.0000 
Grinding,1 YR Grinding,RT 0.0132090 0.0341309 1.0000 
Grinding,24 HT Sandblasting,1 YR 0.0127679 0.0341309 1.0000 
Sandblasting,1 YR Sandblasting,5 HT 0.0079341 0.0341309 1.0000 
Sandblasting,1 YR Control,1 YR 0.0079341 0.0341309 1.0000 
Sandblasting,1 YR Control,5 HT 0.0079341 0.0341309 1.0000 
Sandblasting,1 YR Control,RT 0.0079341 0.0341309 1.0000 
Sandblasting,1 YR Control,168 HT 0.0072675 0.0341309 1.0000 




Sandblasting,1 YR Control,24 HT 0.0070675 0.0341309 1.0000 
Sandblasting,24 HT Sandblasting,5 HT 0.0051333 0.0341309 1.0000 
Sandblasting,24 HT Control,1 YR 0.0051333 0.0341309 1.0000 
Sandblasting,24 HT Control,5 HT 0.0051333 0.0341309 1.0000 
Sandblasting,24 HT Control,RT 0.0051333 0.0341309 1.0000 
Sandblasting,24 HT Control,168 HT 0.0044667 0.0341309 1.0000 
Sandblasting,24 HT Sandblasting,RT 0.0044333 0.0319265 1.0000 
Sandblasting,24 HT Control,24 HT 0.0042667 0.0341309 1.0000 
Sandblasting,168 HT Sandblasting,5 HT 0.0042000 0.0341309 1.0000 
Sandblasting,168 HT Control,1 YR 0.0042000 0.0341309 1.0000 
Sandblasting,168 HT Control,5 HT 0.0042000 0.0341309 1.0000 
Sandblasting,168 HT Control,RT 0.0042000 0.0341309 1.0000 
Sandblasting,1 YR Sandblasting,168 HT 0.0037341 0.0341309 1.0000 
Sandblasting,168 HT Control,168 HT 0.0035333 0.0341309 1.0000 
Sandblasting,168 HT Sandblasting,RT 0.0035000 0.0319265 1.0000 
Sandblasting,168 HT Control,24 HT 0.0033333 0.0341309 1.0000 
Sandblasting,1 YR Sandblasting,24 HT 0.0028008 0.0341309 1.0000 
Sandblasting,24 HT Sandblasting,168 HT 0.0009333 0.0341309 1.0000 
Control,24 HT Sandblasting,5 HT 0.0008667 0.0341309 1.0000 
Control,24 HT Control,1 YR 0.0008667 0.0341309 1.0000 
Control,24 HT Control,5 HT 0.0008667 0.0341309 1.0000 
Control,24 HT Control,RT 0.0008667 0.0341309 1.0000 
Sandblasting,RT Sandblasting,5 HT 0.0007000 0.0319265 1.0000 
Sandblasting,RT Control,1 YR 0.0007000 0.0319265 1.0000 
Sandblasting,RT Control,5 HT 0.0007000 0.0319265 1.0000 
Sandblasting,RT Control,RT 0.0007000 0.0319265 1.0000 
Control,168 HT Sandblasting,5 HT 0.0006667 0.0341309 1.0000 
Control,168 HT Control,1 YR 0.0006667 0.0341309 1.0000 
Control,168 HT Control,5 HT 0.0006667 0.0341309 1.0000 
Control,168 HT Control,RT 0.0006667 0.0341309 1.0000 
Control,24 HT Control,168 HT 0.0002000 0.0341309 1.0000 
Control,24 HT Sandblasting,RT 0.0001667 0.0319265 1.0000 
Sandblasting,RT Control,168 HT 0.0000333 0.0319265 1.0000 
Control,RT Sandblasting,5 HT 1.041e-17 0.0341309 1.0000 
Control,5 HT Sandblasting,5 HT 6.939e-18 0.0341309 1.0000 
Control,RT Control,1 YR 6.072e-18 0.0341309 1.0000 
Control,1 YR Sandblasting,5 HT 4.337e-18 0.0341309 1.0000 
Control,RT Control,5 HT 3.469e-18 0.0341309 1.0000 






Table A 91: Level of significance of surface treatments effect on tetragonal phase of 
Cercon®xt groups 
Level - Level Difference Std Err Dif p-Value 
Control Grinding 0.7167838 0.0435475 <.0001* 
Control Sandblasting 0.6022172 0.0429997 <.0001* 
Sandblasting Grinding 0.1145666 0.0429997 0.0317* 
 
Table A 92: Level of significance of aging process effect on tetragonal phase of 
Cercon®xt groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
168 HT 5 HT 0.1333211 0.0562196 -0.029424 0.2960665 0.1503 
168 HT 24 HT 0.1184988 0.0562196 -0.044247 0.2812442 0.2424 
RT 5 HT 0.1048355 0.0550359 -0.054483 0.2641543 0.3360 
RT 24 HT 0.0900132 0.0550359 -0.069306 0.2493320 0.4870 
168 HT 1 YR 0.0857208 0.0562196 -0.077025 0.2484662 0.5548 
RT 1 YR 0.0572352 0.0550359 -0.102084 0.2165540 0.8348 
1 YR 5 HT 0.0476003 0.0562196 -0.115145 0.2103457 0.9137 
1 YR 24 HT 0.0327780 0.0562196 -0.129967 0.1955233 0.9766 
168 HT RT 0.0284856 0.0550359 -0.130833 0.1878044 0.9849 
24 HT 5 HT 0.0148223 0.0562196 -0.147923 0.1775677 0.9989 
 
Table A 93: Level of significance of surface treatments and aging process effect on 
tetragonal phase of Cercon®xt groups 
Level - Level Difference Std Err Dif p-Value 
Control,24 HT Sandblasting,5 HT 0.8213070 0.0973752 <.0001* 
Control,5 HT Sandblasting,5 HT 0.8177661 0.0973752 <.0001* 
Control,24 HT Grinding,1 YR 0.8140317 0.0973752 <.0001* 
Control,168 HT Sandblasting,5 HT 0.8125153 0.0973752 <.0001* 
Control,5 HT Grinding,1 YR 0.8104907 0.0973752 <.0001* 
Control,24 HT Sandblasting,24 HT 0.8074735 0.0973752 <.0001* 
Control,168 HT Grinding,1 YR 0.8052400 0.0973752 <.0001* 
Control,5 HT Sandblasting,24 HT 0.8039325 0.0973752 <.0001* 
Control,168 HT Sandblasting,24 HT 0.7986817 0.0973752 <.0001* 
Control,24 HT Grinding,5 HT 0.7942303 0.0973752 <.0001* 
Control,5 HT Grinding,5 HT 0.7906893 0.0973752 <.0001* 
Control,168 HT Grinding,5 HT 0.7854385 0.0973752 <.0001* 
Control,24 HT Grinding,24 HT 0.7671379 0.0973752 <.0001* 
Control,5 HT Grinding,24 HT 0.7635969 0.0973752 <.0001* 
Control,168 HT Grinding,24 HT 0.7583461 0.0973752 <.0001* 
Control,1 YR Sandblasting,5 HT 0.7562836 0.0973752 <.0001* 
Control,1 YR Grinding,1 YR 0.7490083 0.0973752 <.0001* 
Control,1 YR Sandblasting,24 HT 0.7424501 0.0973752 <.0001* 
Control,1 YR Grinding,5 HT 0.7292069 0.0973752 <.0001* 
Control,24 HT Grinding,168 HT 0.7194970 0.0973752 <.0001* 




Control,168 HT Grinding,168 HT 0.7107052 0.0973752 <.0001* 
Control,1 YR Grinding,24 HT 0.7021145 0.0973752 <.0001* 
Control,RT Sandblasting,5 HT 0.6991136 0.0973752 <.0001* 
Control,RT Grinding,1 YR 0.6918383 0.0973752 <.0001* 
Control,24 HT Grinding,RT 0.6885717 0.0973752 <.0001* 
Control,RT Sandblasting,24 HT 0.6852801 0.0973752 <.0001* 
Control,5 HT Grinding,RT 0.6850307 0.0973752 <.0001* 
Control,168 HT Grinding,RT 0.6797799 0.0973752 <.0001* 
Control,RT Grinding,5 HT 0.6720369 0.0973752 <.0001* 
Control,1 YR Grinding,168 HT 0.6544735 0.0973752 <.0001* 
Control,RT Grinding,24 HT 0.6449445 0.0973752 <.0001* 
Control,1 YR Grinding,RT 0.6235482 0.0973752 <.0001* 
Control,RT Grinding,168 HT 0.5973035 0.0973752 <.0001* 
Control,24 HT Sandblasting,1 YR 0.5972223 0.0973752 <.0001* 
Control,5 HT Sandblasting,1 YR 0.5936813 0.0973752 <.0001* 
Control,168 HT Sandblasting,1 YR 0.5884305 0.0973752 <.0001* 
Control,RT Grinding,RT 0.5663782 0.0973752 0.0002* 
Control,1 YR Sandblasting,1 YR 0.5321989 0.0973752 0.0005* 
Control,24 HT Sandblasting,RT 0.4938067 0.0910861 0.0005* 
Control,24 HT Sandblasting,168 HT 0.4908262 0.0973752 0.0015* 
Control,5 HT Sandblasting,RT 0.4902657 0.0910861 0.0006* 
Control,5 HT Sandblasting,168 HT 0.4872852 0.0973752 0.0016* 
Control,168 HT Sandblasting,RT 0.4850149 0.0910861 0.0007* 
Control,168 HT Sandblasting,168 HT 0.4820345 0.0973752 0.0019* 
Control,RT Sandblasting,1 YR 0.4750289 0.0973752 0.0023* 
Control,1 YR Sandblasting,RT 0.4287832 0.0910861 0.0037* 
Control,1 YR Sandblasting,168 HT 0.4258028 0.0973752 0.0089* 
Control,RT Sandblasting,RT 0.3716132 0.0910861 0.0188* 
Control,RT Sandblasting,168 HT 0.3686328 0.0973752 0.0385* 
Sandblasting,168 HT Sandblasting,5 HT 0.3304808 0.0973752 0.0942 
Sandblasting,RT Sandblasting,5 HT 0.3275004 0.0910861 0.0601 
Sandblasting,168 HT Grinding,1 YR 0.3232055 0.0973752 0.1105 
Sandblasting,RT Grinding,1 YR 0.3202251 0.0910861 0.0720 
Sandblasting,168 HT Sandblasting,24 HT 0.3166473 0.0973752 0.1272 
Sandblasting,RT Sandblasting,24 HT 0.3136668 0.0910861 0.0845 
Sandblasting,168 HT Grinding,5 HT 0.3034041 0.0973752 0.1673 
Sandblasting,RT Grinding,5 HT 0.3004236 0.0910861 0.1155 
Sandblasting,168 HT Grinding,24 HT 0.2763116 0.0973752 0.2791 
Sandblasting,RT Grinding,24 HT 0.2733312 0.0910861 0.2085 
Sandblasting,168 HT Grinding,168 HT 0.2286707 0.0973752 0.5660 
Sandblasting,RT Grinding,168 HT 0.2256903 0.0910861 0.4823 
Sandblasting,1 YR Sandblasting,5 HT 0.2240847 0.0973752 0.5969 
Sandblasting,1 YR Grinding,1 YR 0.2168094 0.0973752 0.6456 
Sandblasting,1 YR Sandblasting,24 HT 0.2102512 0.0973752 0.6886 




Sandblasting,1 YR Grinding,5 HT 0.1970080 0.0973752 0.7705 
Sandblasting,RT Grinding,RT 0.1947650 0.0910861 0.7018 
Sandblasting,1 YR Grinding,24 HT 0.1699156 0.0973752 0.9020 
Grinding,RT Sandblasting,5 HT 0.1327354 0.0973752 0.9850 
Grinding,RT Grinding,1 YR 0.1254601 0.0973752 0.9909 
Sandblasting,1 YR Grinding,168 HT 0.1222747 0.0973752 0.9928 
Control,24 HT Control,RT 0.1221934 0.0973752 0.9929 
Grinding,RT Sandblasting,24 HT 0.1189018 0.0973752 0.9945 
Control,5 HT Control,RT 0.1186524 0.0973752 0.9946 
Control,168 HT Control,RT 0.1134017 0.0973752 0.9965 
Sandblasting,168 HT Sandblasting,1 YR 0.1063961 0.0973752 0.9982 
Grinding,RT Grinding,5 HT 0.1056586 0.0973752 0.9983 
Sandblasting,RT Sandblasting,1 YR 0.1034156 0.0910861 0.9973 
Grinding,168 HT Sandblasting,5 HT 0.1018101 0.0973752 0.9988 
Grinding,168 HT Grinding,1 YR 0.0945348 0.0973752 0.9995 
Sandblasting,1 YR Grinding,RT 0.0913494 0.0973752 0.9996 
Grinding,168 HT Sandblasting,24 HT 0.0879765 0.0973752 0.9998 
Grinding,RT Grinding,24 HT 0.0785662 0.0973752 0.9999 
Grinding,168 HT Grinding,5 HT 0.0747333 0.0973752 1.0000 
Control,24 HT Control,1 YR 0.0650234 0.0973752 1.0000 
Control,5 HT Control,1 YR 0.0614824 0.0973752 1.0000 
Control,1 YR Control,RT 0.0571700 0.0973752 1.0000 
Control,168 HT Control,1 YR 0.0562317 0.0973752 1.0000 
Grinding,24 HT Sandblasting,5 HT 0.0541692 0.0973752 1.0000 
Grinding,168 HT Grinding,24 HT 0.0476409 0.0973752 1.0000 
Grinding,24 HT Grinding,1 YR 0.0468938 0.0973752 1.0000 
Grinding,24 HT Sandblasting,24 HT 0.0403356 0.0973752 1.0000 
Grinding,RT Grinding,168 HT 0.0309253 0.0973752 1.0000 
Grinding,24 HT Grinding,5 HT 0.0270924 0.0973752 1.0000 
Grinding,5 HT Sandblasting,5 HT 0.0270767 0.0973752 1.0000 
Grinding,5 HT Grinding,1 YR 0.0198014 0.0973752 1.0000 
Sandblasting,24 HT Sandblasting,5 HT 0.0138335 0.0973752 1.0000 
Grinding,5 HT Sandblasting,24 HT 0.0132432 0.0973752 1.0000 
Control,24 HT Control,168 HT 0.0087918 0.0973752 1.0000 
Grinding,1 YR Sandblasting,5 HT 0.0072753 0.0973752 1.0000 
Sandblasting,24 HT Grinding,1 YR 0.0065582 0.0973752 1.0000 
Control,5 HT Control,168 HT 0.0052508 0.0973752 1.0000 
Control,24 HT Control,5 HT 0.0035410 0.0973752 1.0000 






Table A 94: Level of significance of surface treatments effect on cubic phase of 
Cercon®xt groups 









Sandblasting Control 0.3357672 0.0461604 0.222158 0.4493768 <.0001* 
Grinding Control 0.2753720 0.0467485 0.160315 0.3904289 <.0001* 
Sandblasting Grinding 0.0603952 0.0461604 -0.053214 0.1740048 0.4013 
 
Table A 95: Level of significance of aging process effect on cubic phase of 
Cercon®xt groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
24 HT 168 HT 0.1164745 0.0603520 -0.058234 0.2911825 0.3234 
5 HT 168 HT 0.0862781 0.0603520 -0.088430 0.2609862 0.6139 
1 YR 168 HT 0.0704245 0.0603520 -0.104284 0.2451325 0.7697 
24 HT RT 0.0703763 0.0590813 -0.100653 0.2414059 0.7563 
RT 168 HT 0.0460982 0.0590813 -0.124931 0.2171278 0.9344 
24 HT 1 YR 0.0460500 0.0603520 -0.128658 0.2207581 0.9392 
5 HT RT 0.0401799 0.0590813 -0.130850 0.2112095 0.9593 
24 HT 5 HT 0.0301964 0.0603520 -0.144512 0.2049044 0.9867 
1 YR RT 0.0243263 0.0590813 -0.146703 0.1953558 0.9937 
5 HT 1 YR 0.0158537 0.0603520 -0.158854 0.1905617 0.9989 
 
Table A 96: Level of significance of surface treatments and aging process effect on 
cubic phase of Cercon®xt groups 
Level - Level Difference Std Err Dif p-Value 
Sandblasting,24 HT Control,24 HT 0.5492414 0.1045328 0.0008* 
Sandblasting,24 HT Control,5 HT 0.5444312 0.1045328 0.0009* 
Sandblasting,24 HT Control,168 HT 0.5424735 0.1045328 0.0010* 
Sandblasting,5 HT Control,24 HT 0.5283202 0.1045328 0.0014* 
Sandblasting,5 HT Control,5 HT 0.5235100 0.1045328 0.0016* 
Sandblasting,5 HT Control,168 HT 0.5215523 0.1045328 0.0017* 
Sandblasting,24 HT Control,1 YR 0.4804867 0.1045328 0.0049* 
Sandblasting,5 HT Control,1 YR 0.4595655 0.1045328 0.0083* 
Sandblasting,24 HT Control,RT 0.4291079 0.1045328 0.0176* 
Sandblasting,5 HT Control,RT 0.4081867 0.1045328 0.0289* 
Grinding,1 YR Control,24 HT 0.3580040 0.1045328 0.0881 
Grinding,1 YR Control,5 HT 0.3531938 0.1045328 0.0973 
Grinding,1 YR Control,168 HT 0.3512361 0.1045328 0.1013 
Grinding,24 HT Control,24 HT 0.3400359 0.1045328 0.1269 
Grinding,24 HT Control,5 HT 0.3352256 0.1045328 0.1395 
Sandblasting,24 HT Sandblasting,168 HT 0.3350392 0.1045328 0.1400 
Grinding,24 HT Control,168 HT 0.3332680 0.1045328 0.1449 
Sandblasting,1 YR Control,24 HT 0.3243685 0.1045328 0.1716 
Sandblasting,1 YR Control,5 HT 0.3195583 0.1045328 0.1875 




Sandblasting,1 YR Control,168 HT 0.3176006 0.1045328 0.1943 
Sandblasting,5 HT Sandblasting,168 HT 0.3141180 0.1045328 0.2069 
Grinding,168 HT Control,5 HT 0.3140734 0.1045328 0.2070 
Grinding,168 HT Control,168 HT 0.3121158 0.1045328 0.2144 
Grinding,RT Control,24 HT 0.2948450 0.1045328 0.2873 
Grinding,RT Control,5 HT 0.2900347 0.1045328 0.3103 
Grinding,1 YR Control,1 YR 0.2892493 0.1045328 0.3141 
Grinding,RT Control,168 HT 0.2880771 0.1045328 0.3199 
Sandblasting,24 HT Sandblasting,RT 0.2860714 0.0977815 0.2392 
Sandblasting,24 HT Grinding,5 HT 0.2836837 0.1045328 0.3423 
Grinding,24 HT Control,1 YR 0.2712811 0.1045328 0.4099 
Grinding,5 HT Control,24 HT 0.2655578 0.1045328 0.4430 
Sandblasting,5 HT Sandblasting,RT 0.2651502 0.0977815 0.3434 
Sandblasting,RT Control,24 HT 0.2631700 0.0977815 0.3545 
Sandblasting,5 HT Grinding,5 HT 0.2627625 0.1045328 0.4596 
Grinding,5 HT Control,5 HT 0.2607475 0.1045328 0.4717 
Grinding,5 HT Control,168 HT 0.2587899 0.1045328 0.4836 
Sandblasting,RT Control,5 HT 0.2583598 0.0977815 0.3823 
Sandblasting,RT Control,168 HT 0.2564021 0.0977815 0.3939 
Sandblasting,1 YR Control,1 YR 0.2556138 0.1045328 0.5030 
Sandblasting,24 HT Grinding,RT 0.2543965 0.1045328 0.5105 
Grinding,168 HT Control,1 YR 0.2501290 0.1045328 0.5370 
Grinding,1 YR Control,RT 0.2378705 0.1045328 0.6137 
Sandblasting,5 HT Grinding,RT 0.2334753 0.1045328 0.6411 
Sandblasting,24 HT Grinding,168 HT 0.2303578 0.1045328 0.6603 
Grinding,RT Control,1 YR 0.2260902 0.1045328 0.6863 
Sandblasting,24 HT Sandblasting,1 YR 0.2248729 0.1045328 0.6936 
Grinding,24 HT Control,RT 0.2199024 0.1045328 0.7231 
Sandblasting,168 HT Control,24 HT 0.2142022 0.1045328 0.7556 
Sandblasting,5 HT Grinding,168 HT 0.2094366 0.1045328 0.7816 
Sandblasting,168 HT Control,5 HT 0.2093920 0.1045328 0.7818 
Sandblasting,24 HT Grinding,24 HT 0.2092056 0.1045328 0.7828 
Sandblasting,168 HT Control,168 HT 0.2074343 0.1045328 0.7922 
Sandblasting,1 YR Control,RT 0.2042350 0.1045328 0.8086 
Sandblasting,5 HT Sandblasting,1 YR 0.2039517 0.1045328 0.8100 
Grinding,168 HT Control,RT 0.1987502 0.1045328 0.8352 
Grinding,5 HT Control,1 YR 0.1968030 0.1045328 0.8442 
Sandblasting,RT Control,1 YR 0.1944153 0.0977815 0.7901 
Sandblasting,24 HT Grinding,1 YR 0.1912374 0.1045328 0.8683 
Sandblasting,5 HT Grinding,24 HT 0.1882844 0.1045328 0.8802 
Grinding,RT Control,RT 0.1747115 0.1045328 0.9265 
Sandblasting,5 HT Grinding,1 YR 0.1703162 0.1045328 0.9385 
Sandblasting,168 HT Control,1 YR 0.1454475 0.1045328 0.9821 
Grinding,5 HT Control,RT 0.1454243 0.1045328 0.9821 




Sandblasting,RT Control,RT 0.1430365 0.0977815 0.9729 
Grinding,24 HT Sandblasting,168 HT 0.1258336 0.1045328 0.9952 
Control,RT Control,24 HT 0.1201335 0.1045328 0.9969 
Control,RT Control,5 HT 0.1153232 0.1045328 0.9980 
Control,RT Control,168 HT 0.1133656 0.1045328 0.9983 
Sandblasting,1 YR Sandblasting,168 HT 0.1101663 0.1045328 0.9987 
Grinding,168 HT Sandblasting,168 HT 0.1046814 0.1045328 0.9993 
Grinding,1 YR Sandblasting,RT 0.0948340 0.0977815 0.9995 
Sandblasting,168 HT Control,RT 0.0940687 0.1045328 0.9998 
Grinding,1 YR Grinding,5 HT 0.0924463 0.1045328 0.9998 
Grinding,RT Sandblasting,168 HT 0.0806427 0.1045328 1.0000 
Grinding,24 HT Sandblasting,RT 0.0768658 0.0977815 1.0000 
Grinding,24 HT Grinding,5 HT 0.0744781 0.1045328 1.0000 
Control,1 YR Control,24 HT 0.0687547 0.1045328 1.0000 
Control,1 YR Control,5 HT 0.0639445 0.1045328 1.0000 
Grinding,1 YR Grinding,RT 0.0631591 0.1045328 1.0000 
Control,1 YR Control,168 HT 0.0619868 0.1045328 1.0000 
Sandblasting,1 YR Sandblasting,RT 0.0611985 0.0977815 1.0000 
Sandblasting,1 YR Grinding,5 HT 0.0588108 0.1045328 1.0000 
Grinding,168 HT Sandblasting,RT 0.0557137 0.0977815 1.0000 
Grinding,168 HT Grinding,5 HT 0.0533259 0.1045328 1.0000 
Control,RT Control,1 YR 0.0513788 0.1045328 1.0000 
Grinding,5 HT Sandblasting,168 HT 0.0513555 0.1045328 1.0000 
Sandblasting,RT Sandblasting,168 HT 0.0489678 0.0977815 1.0000 
Grinding,24 HT Grinding,RT 0.0451909 0.1045328 1.0000 
Grinding,1 YR Grinding,168 HT 0.0391204 0.1045328 1.0000 
Grinding,1 YR Sandblasting,1 YR 0.0336355 0.1045328 1.0000 
Grinding,RT Sandblasting,RT 0.0316749 0.0977815 1.0000 
Sandblasting,1 YR Grinding,RT 0.0295236 0.1045328 1.0000 
Grinding,RT Grinding,5 HT 0.0292872 0.1045328 1.0000 
Grinding,168 HT Grinding,RT 0.0240387 0.1045328 1.0000 
Grinding,24 HT Grinding,168 HT 0.0211522 0.1045328 1.0000 
Sandblasting,24 HT Sandblasting,5 HT 0.0209212 0.1045328 1.0000 
Grinding,1 YR Grinding,24 HT 0.0179682 0.1045328 1.0000 
Grinding,24 HT Sandblasting,1 YR 0.0156673 0.1045328 1.0000 
Control,168 HT Control,24 HT 0.0067679 0.1045328 1.0000 
Sandblasting,1 YR Grinding,168 HT 0.0054848 0.1045328 1.0000 
Control,5 HT Control,24 HT 0.0048103 0.1045328 1.0000 
Grinding,5 HT Sandblasting,RT 0.0023877 0.0977815 1.0000 






Table A 97: Level of significance of surface treatments effect on rhombohedral 
phase of Cercon®xt groups 
Level - Level Difference Std Err Dif p-Value 
Grinding Control 0.3784568 0.0283613 <.0001* 
Sandblasting Control 0.2631632 0.0280045 <.0001* 
Grinding Sandblasting 0.1152936 0.0280045 0.0008* 
 
Table A 98: Level of significance of aging process effect on rhombohedral phase of 
Cercon®xt groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
5 HT RT 0.0334218 0.0358433 -0.070338 0.1371817 0.8821 
5 HT 168 HT 0.0273319 0.0366143 -0.078660 0.1333234 0.9436 
1 YR RT 0.0260946 0.0358433 -0.077665 0.1298545 0.9483 
24 HT RT 0.0241025 0.0358433 -0.079657 0.1278624 0.9609 
1 YR 168 HT 0.0200046 0.0366143 -0.085987 0.1259962 0.9816 
24 HT 168 HT 0.0180125 0.0366143 -0.087979 0.1240041 0.9875 
5 HT 24 HT 0.0093194 0.0366143 -0.096672 0.1153109 0.9990 
5 HT 1 YR 0.0073273 0.0366143 -0.098664 0.1133188 0.9996 
168 HT RT 0.0060899 0.0358433 -0.097670 0.1098498 0.9998 
1 YR 24 HT 0.0019921 0.0366143 -0.103999 0.1079836 1.0000 
 
Table A 99: Level of significance of surface treatments and aging process effect on 
rhombohedral phase of Cercon®xt groups 
Level - Level Difference Std Err Dif p-Value 
Grinding,24 HT Control,1 YR 0.4101312 0.0634178 <.0001* 
Grinding,24 HT Control,5 HT 0.4076692 0.0634178 <.0001* 
Grinding,24 HT Control,24 HT 0.4072666 0.0634178 <.0001* 
Grinding,1 YR Control,1 YR 0.4071513 0.0634178 <.0001* 
Grinding,24 HT Control,168 HT 0.4050427 0.0634178 <.0001* 
Grinding,1 YR Control,5 HT 0.4046892 0.0634178 <.0001* 
Grinding,24 HT Control,RT 0.4043400 0.0634178 <.0001* 
Grinding,1 YR Control,24 HT 0.4042866 0.0634178 <.0001* 
Grinding,1 YR Control,168 HT 0.4020628 0.0634178 <.0001* 
Grinding,1 YR Control,RT 0.4013600 0.0634178 <.0001* 
Grinding,5 HT Control,1 YR 0.3986038 0.0634178 <.0001* 
Grinding,5 HT Control,5 HT 0.3961418 0.0634178 <.0001* 
Grinding,5 HT Control,24 HT 0.3957392 0.0634178 <.0001* 
Grinding,5 HT Control,168 HT 0.3935153 0.0634178 <.0001* 
Grinding,5 HT Control,RT 0.3928126 0.0634178 <.0001* 
Grinding,RT Control,1 YR 0.3580593 0.0634178 0.0003* 
Grinding,RT Control,5 HT 0.3555973 0.0634178 0.0003* 
Grinding,RT Control,24 HT 0.3551947 0.0634178 0.0003* 
Grinding,RT Control,168 HT 0.3529708 0.0634178 0.0004* 
Grinding,RT Control,RT 0.3522681 0.0634178 0.0004* 




Grinding,168 HT Control,5 HT 0.3320825 0.0634178 0.0009* 
Grinding,168 HT Control,24 HT 0.3316799 0.0634178 0.0009* 
Grinding,168 HT Control,168 HT 0.3294560 0.0634178 0.0010* 
Grinding,168 HT Control,RT 0.3287533 0.0634178 0.0010* 
Sandblasting,5 HT Control,1 YR 0.2967181 0.0634178 0.0040* 
Sandblasting,5 HT Control,5 HT 0.2942561 0.0634178 0.0044* 
Sandblasting,5 HT Control,24 HT 0.2938535 0.0634178 0.0045* 
Sandblasting,5 HT Control,168 HT 0.2916296 0.0634178 0.0049* 
Sandblasting,5 HT Control,RT 0.2909269 0.0634178 0.0050* 
Sandblasting,168 HT Control,1 YR 0.2761553 0.0634178 0.0093* 
Sandblasting,168 HT Control,5 HT 0.2736933 0.0634178 0.0103* 
Sandblasting,168 HT Control,24 HT 0.2732907 0.0634178 0.0105* 
Sandblasting,168 HT Control,168 HT 0.2710668 0.0634178 0.0114* 
Sandblasting,168 HT Control,RT 0.2703641 0.0634178 0.0118* 
Sandblasting,1 YR Control,1 YR 0.2686509 0.0634178 0.0126* 
Sandblasting,1 YR Control,5 HT 0.2661889 0.0634178 0.0139* 
Sandblasting,1 YR Control,24 HT 0.2657863 0.0634178 0.0142* 
Sandblasting,1 YR Control,168 HT 0.2635625 0.0634178 0.0155* 
Sandblasting,1 YR Control,RT 0.2628597 0.0634178 0.0159* 
Sandblasting,24 HT Control,1 YR 0.2568300 0.0634178 0.0202* 
Sandblasting,24 HT Control,5 HT 0.2543680 0.0634178 0.0223* 
Sandblasting,24 HT Control,24 HT 0.2539654 0.0634178 0.0226* 
Sandblasting,24 HT Control,168 HT 0.2517415 0.0634178 0.0247* 
Sandblasting,24 HT Control,RT 0.2510388 0.0634178 0.0254* 
Sandblasting,RT Control,1 YR 0.2336679 0.0593219 0.0266* 
Sandblasting,RT Control,5 HT 0.2312059 0.0593219 0.0294* 
Sandblasting,RT Control,24 HT 0.2308033 0.0593219 0.0299* 
Sandblasting,RT Control,168 HT 0.2285794 0.0593219 0.0328* 
Sandblasting,RT Control,RT 0.2278767 0.0593219 0.0337* 
Grinding,24 HT Sandblasting,RT 0.1764633 0.0593219 0.2188 
Grinding,1 YR Sandblasting,RT 0.1734833 0.0593219 0.2397 
Grinding,5 HT Sandblasting,RT 0.1649359 0.0593219 0.3073 
Grinding,24 HT Sandblasting,24 HT 0.1533012 0.0634178 0.5210 
Grinding,1 YR Sandblasting,24 HT 0.1503212 0.0634178 0.5516 
Grinding,5 HT Sandblasting,24 HT 0.1417738 0.0634178 0.6398 
Grinding,24 HT Sandblasting,1 YR 0.1414803 0.0634178 0.6428 
Grinding,1 YR Sandblasting,1 YR 0.1385003 0.0634178 0.6730 
Grinding,24 HT Sandblasting,168 HT 0.1339759 0.0634178 0.7176 
Grinding,1 YR Sandblasting,168 HT 0.1309960 0.0634178 0.7459 
Grinding,5 HT Sandblasting,1 YR 0.1299529 0.0634178 0.7556 
Grinding,RT Sandblasting,RT 0.1243914 0.0593219 0.7272 
Grinding,5 HT Sandblasting,168 HT 0.1224485 0.0634178 0.8205 
Grinding,24 HT Sandblasting,5 HT 0.1134131 0.0634178 0.8854 
Grinding,1 YR Sandblasting,5 HT 0.1104332 0.0634178 0.9033 




Grinding,RT Sandblasting,24 HT 0.1012293 0.0634178 0.9470 
Grinding,168 HT Sandblasting,RT 0.1008766 0.0593219 0.9173 
Grinding,RT Sandblasting,1 YR 0.0894084 0.0634178 0.9800 
Grinding,RT Sandblasting,168 HT 0.0819040 0.0634178 0.9907 
Grinding,168 HT Sandblasting,24 HT 0.0777145 0.0634178 0.9943 
Grinding,24 HT Grinding,168 HT 0.0755867 0.0634178 0.9956 
Grinding,1 YR Grinding,168 HT 0.0726068 0.0634178 0.9970 
Grinding,168 HT Sandblasting,1 YR 0.0658936 0.0634178 0.9989 
Grinding,5 HT Grinding,168 HT 0.0640593 0.0634178 0.9992 
Sandblasting,5 HT Sandblasting,RT 0.0630502 0.0593219 0.9986 
Grinding,RT Sandblasting,5 HT 0.0613412 0.0634178 0.9995 
Grinding,168 HT Sandblasting,168 HT 0.0583892 0.0634178 0.9997 
Grinding,24 HT Grinding,RT 0.0520719 0.0634178 0.9999 
Grinding,1 YR Grinding,RT 0.0490920 0.0634178 1.0000 
Sandblasting,168 HT Sandblasting,RT 0.0424874 0.0593219 1.0000 
Grinding,5 HT Grinding,RT 0.0405445 0.0634178 1.0000 
Sandblasting,5 HT Sandblasting,24 HT 0.0398881 0.0634178 1.0000 
Grinding,168 HT Sandblasting,5 HT 0.0378264 0.0634178 1.0000 
Sandblasting,1 YR Sandblasting,RT 0.0349830 0.0593219 1.0000 
Sandblasting,5 HT Sandblasting,1 YR 0.0280672 0.0634178 1.0000 
Grinding,RT Grinding,168 HT 0.0235148 0.0634178 1.0000 
Sandblasting,24 HT Sandblasting,RT 0.0231621 0.0593219 1.0000 
Sandblasting,5 HT Sandblasting,168 HT 0.0205628 0.0634178 1.0000 
Sandblasting,168 HT Sandblasting,24 HT 0.0193253 0.0634178 1.0000 
Sandblasting,1 YR Sandblasting,24 HT 0.0118209 0.0634178 1.0000 
Grinding,24 HT Grinding,5 HT 0.0115274 0.0634178 1.0000 
Grinding,1 YR Grinding,5 HT 0.0085474 0.0634178 1.0000 
Sandblasting,168 HT Sandblasting,1 YR 0.0075043 0.0634178 1.0000 
Control,RT Control,1 YR 0.0057912 0.0634178 1.0000 
Control,168 HT Control,1 YR 0.0050885 0.0634178 1.0000 
Control,RT Control,5 HT 0.0033292 0.0634178 1.0000 
Grinding,24 HT Grinding,1 YR 0.0029800 0.0634178 1.0000 
Control,RT Control,24 HT 0.0029266 0.0634178 1.0000 
Control,24 HT Control,1 YR 0.0028646 0.0634178 1.0000 
Control,168 HT Control,5 HT 0.0026265 0.0634178 1.0000 
Control,5 HT Control,1 YR 0.0024620 0.0634178 1.0000 
Control,168 HT Control,24 HT 0.0022239 0.0634178 1.0000 
Control,RT Control,168 HT 0.0007027 0.0634178 1.0000 








Table A 100: Level of significance of flexural strength after surface treatments 
among all materials groups 








Sandblasting-T 1038.165 38.40853 <.0001* 
TZ-3YSB-
E,Sandblasting-T Zpex Smile,Grinding-T 1032.117 37.44046 <.0001* 
TZ-3YSB-




andblasting-T 1008.772 38.40634 <.0001* 
TZ-3YSB-




Smile,Sandblasting-T 943.665 37.72574 <.0001* 
Zpex,Sandblasting-T Zpex Smile,Sandblasting-T 941.766 38.47359 <.0001* 
TZ-3YSB-E,Grinding-
T Zpex Smile,Grinding-T 937.618 36.03967 <.0001* 
Zpex,Sandblasting-T Zpex Smile,Grinding-T 935.719 37.56738 <.0001* 
TZ-3YSB-E,Grinding-




Sandblasting-T 914.272 37.72566 <.0001* 
Zpex,Sandblasting-T Cercon®xt ,Grinding-T 913.824 37.55348 <.0001* 
Zpex,Sandblasting-T Cercon®xt, Sandblasting-T 912.373 38.47085 <.0001* 
TZ-3YSB-E, Grinding-
T Cercon®xt ,Control 855.847 32.10930 <.0001* 
Zpex,Sandblasting-T Cercon®xt ,Control 853.949 33.33547 <.0001* 
TZ-3YSB-
E,Sandblasting-T Zpex Smile,Control 845.840 34.29464 <.0001* 
Zpex,Grinding-T Zpex Smile, Sandblasting-T 799.281 37.77282 <.0001* 
Zpex,Grinding-T Zpex Smile,Grinding-T 793.234 36.10009 <.0001* 
Zpex,Grinding-T Cercon®xt ,Grinding-T 771.339 36.08015 <.0001* 
Zpex,Grinding-T Cercon®xt ,Sandblasting-T 769.889 37.77078 <.0001* 
TZ-3YSB-E, Grinding-
T Zpex Smile,Control 751.340 33.18755 <.0001* 




Zpex,Grinding-T Cercon®xt ,Control 711.464 32.12173 <.0001* 
Zpex,Grinding-T Zpex Smile,Control 606.957 33.25221 <.0001* 
Zpex,Control Zpex Smile,Sandblasting-T 604.611 36.35529 <.0001* 
Zpex,Control Zpex Smile,Grinding-T 598.564 34.81101 <.0001* 
Zpex,Control Cercon®xt ,Grinding-T 576.668 34.74739 <.0001* 
Zpex,Control Cercon®xt, Sandblasting-T 575.218 36.36098 <.0001* 
TZ-3YSB-
E,Sandblasting-T TZ-3YSB-E,Control 521.578 33.61241 <.0001* 
Zpex,Control Cercon®xt ,Control 516.793 30.58618 <.0001* 
TZ-3YSB-E,Control Zpex Smile, Sandblasting-T 516.586 33.62617 <.0001* 
TZ-3YSB-E,Control Zpex Smile,Grinding-T 510.539 32.21517 <.0001* 
TZ-3YSB-E,Control Cercon®xt ,Grinding-T 488.644 32.20589 <.0001* 
TZ-3YSB-E,Control Cercon®xt, Sandblasting-T 487.193 33.62283 <.0001* 
TZ-3YSB-E, 
Sandblasting-T Zpex,Control 433.554 36.15804 <.0001* 
TZ-3YSB-E,Control Cercon®xt ,Control 428.769 27.29446 <.0001* 
TZ-3YSB-E, Grinding-
T TZ-3YSB-E,Control 427.079 32.46349 <.0001* 
Zpex,Sandblasting-T TZ-3YSB-E,Control 425.180 33.63260 <.0001* 
Zpex,Control Zpex Smile,Control 412.286 31.57159 <.0001* 
TZ-3YSB-E, Grinding-
T Zpex,Control 339.054 34.94327 <.0001* 
Zpex,Sandblasting-T Zpex,Control 337.155 36.18483 <.0001* 
TZ-3YSB-E,Control Zpex Smile,Control 324.262 28.65179 <.0001* 
Zpex,Grinding-T TZ-3YSB-E,Control 282.695 32.43412 <.0001* 
TZ-3YSB-
E,Sandblasting-T Zpex,Grinding-T 238.883 37.64779 <.0001* 
Zpex,Grinding-T Zpex,Control 194.671 35.71724 <.0001* 
Zpex Smile,Control Zpex Smile,Sandblasting-T 192.324 34.45322 <.0001* 
Zpex Smile,Control Zpex Smile,Grinding-T 186.277 33.17352 <.0001* 
Zpex Smile,Control Cercon®xt ,Grinding-T 164.382 32.97348 <.0001* 
Zpex Smile,Control Cercon®xt, Sandblasting-T 162.932 34.44719 0.0002* 
TZ-3YSB-E,Grinding-
T Zpex,Grinding-T 144.383 36.30763 0.0046* 
Zpex,Sandblasting-T Zpex,Grinding-T 142.485 37.45177 0.0088* 
Zpex Smile,Control Cercon®xt ,Control 104.507 28.28667 0.0131* 
TZ-3YSB-







T 94.500 37.31160 0.3225 
Zpex,Control TZ-3YSB-E,Control 88.025 30.95414 0.1657 
Cercon®xt ,Control Zpex Smile,Sandblasting-T 87.817 33.33024 0.2637 
Cercon®xt ,Control Zpex Smile,Grinding-T 81.770 31.89397 0.3038 
Cercon®xt ,Control Cercon®xt ,Grinding-T 59.875 31.94304 0.7745 




Sandblasting-T 29.393 38.46573 0.9998 
Cercon®xt ,Grinding-T Zpex Smile, Sandblasting-T 27.942 37.55720 0.9999 
Cercon®xt, 
Sandblasting-T Zpex Smile,Grinding-T 23.346 37.56863 1.0000 
Cercon®xt ,Grinding-T Zpex Smile,Grinding-T 21.895 35.81384 1.0000 
Zpex Smile,Grinding-T Zpex Smile, Sandblasting-T 6.047 37.24989 1.0000 
TZ-3YSB-E,Grinding-
T Zpex,Sandblasting-T 1.899 37.72182 1.0000 
Cercon®xt 
,Sandblasting-T Cercon®xt ,Grinding-T 1.450 37.23464 1.0000 
 
Table A 101: Level of significance of surface treatments effect on the flexural 
strength of all materials as sintered groups 
Level - Level Difference p-Value 
TZ-3YSB-E,Sandblasting-T Zpex Smile,Grinding-T 1110.511 <.0001* 
TZ-3YSB-E,Sandblasting-T Cercon®xt ,Grinding-T 1071.950 <.0001* 
TZ-3YSB-E,Sandblasting-T Zpex Smile,Sandblasting-T 1062.038 <.0001* 
TZ-3YSB-E,Sandblasting-T Cercon®xt ,Control 973.716 <.0001* 
TZ-3YSB-E,Sandblasting-T Cercon®xt ,Sandblasting-T 972.638 <.0001* 
Zpex,Sandblasting-T Zpex Smile,Grinding-T 965.969 <.0001* 
Zpex,Sandblasting-T Cercon®xt ,Grinding-T 927.408 <.0001* 
Zpex,Sandblasting-T Zpex Smile,Sandblasting-T 917.496 <.0001* 
TZ-3YSB-E,Sandblasting-T Zpex Smile,Control 848.904 <.0001* 
TZ-3YSB-E,Grinding-T Zpex Smile,Grinding-T 842.341 <.0001* 
Zpex,Sandblasting-T Cercon®xt ,Control 829.174 <.0001* 
Zpex,Sandblasting-T Cercon®xt ,Sandblasting-T 828.096 <.0001* 
TZ-3YSB-E,Grinding-T Cercon®xt ,Grinding-T 803.781 <.0001* 
TZ-3YSB-E,Grinding-T Zpex Smile,Sandblasting-T 793.869 <.0001* 
Zpex,Grinding-T Zpex Smile,Grinding-T 717.798 <.0001* 
TZ-3YSB-E,Grinding-T Cercon®xt ,Control 705.546 <.0001* 




Zpex,Sandblasting-T Zpex Smile,Control 704.362 <.0001* 
Zpex,Grinding-T Cercon®xt ,Grinding-T 679.237 <.0001* 
Zpex,Grinding-T Zpex Smile,Sandblasting-T 669.325 <.0001* 
Zpex,Control Zpex Smile,Grinding-T 622.618 0.0003* 
Zpex,Control Cercon®xt ,Grinding-T 584.058 0.0010* 
Zpex,Grinding-T Cercon®xt ,Control 581.003 <.0001* 
TZ-3YSB-E,Grinding-T Zpex Smile,Control 580.734 <.0001* 
Zpex,Grinding-T Cercon®xt ,Sandblasting-T 579.925 <.0001* 
Zpex,Control Zpex Smile,Sandblasting-T 574.146 0.0044* 
TZ-3YSB-E,Sandblasting-T TZ-3YSB-E,Control 558.508 <.0001* 
TZ-3YSB-E,Control Zpex Smile,Grinding-T 552.002 <.0001* 
TZ-3YSB-E,Control Cercon®xt ,Grinding-T 513.442 <.0001* 
TZ-3YSB-E,Control Zpex Smile,Sandblasting-T 503.530 <.0001* 
TZ-3YSB-E,Sandblasting-T Zpex,Control 487.893 0.0248* 
Zpex,Control Cercon®xt ,Control 485.823 0.0113* 
Zpex,Control Cercon®xt ,Sandblasting-T 484.745 0.0343* 
Zpex,Grinding-T Zpex Smile,Control 456.191 <.0001* 
TZ-3YSB-E,Control Cercon®xt ,Control 415.207 <.0001* 
TZ-3YSB-E,Control Cercon®xt ,Sandblasting-T 414.129 0.0005* 
Zpex,Sandblasting-T TZ-3YSB-E,Control 413.966 0.0005* 
TZ-3YSB-E,Sandblasting-T Zpex,Grinding-T 392.713 0.0013* 
Zpex,Control Zpex Smile,Control 361.011 0.2190 
Zpex,Sandblasting-T Zpex,Control 343.351 0.3694 
TZ-3YSB-E,Control Zpex Smile,Control 290.395 0.0099* 
TZ-3YSB-E,Grinding-T TZ-3YSB-E,Control 290.339 0.0041* 
TZ-3YSB-E,Sandblasting-T TZ-3YSB-E,Grinding-T 268.169 0.0917 
Zpex Smile,Control Zpex Smile,Grinding-T 261.607 0.0550 
Zpex,Sandblasting-T Zpex,Grinding-T 248.171 0.2525 
Zpex Smile,Control Cercon®xt ,Grinding-T 223.047 0.1841 
TZ-3YSB-E,Grinding-T Zpex,Control 219.723 0.8580 
Zpex Smile,Control Zpex Smile,Sandblasting-T 213.135 0.5157 
Zpex,Grinding-T TZ-3YSB-E,Control 165.796 0.4804 
TZ-3YSB-E,Sandblasting-T Zpex,Sandblasting-T 144.542 0.9518 
Cercon®xt ,Sandblasting-T Zpex Smile,Grinding-T 137.873 0.9312 
Cercon®xt ,Control Zpex Smile,Grinding-T 136.795 0.7169 
Zpex Smile,Control Cercon®xt ,Control 124.812 0.8740 
TZ-3YSB-E,Grinding-T Zpex,Grinding-T 124.543 0.8909 
Zpex Smile,Control Cercon®xt ,Sandblasting-T 123.734 0.9757 
Zpex,Sandblasting-T TZ-3YSB-E,Grinding-T 123.627 0.9675 




Cercon®xt ,Control Cercon®xt ,Grinding-T 98.234 0.9586 
Zpex,Grinding-T Zpex,Control 95.180 0.9998 
Cercon®xt ,Sandblasting-T Zpex Smile,Sandblasting-T 89.401 0.9994 
Cercon®xt ,Control Zpex Smile,Sandblasting-T 88.323 0.9970 
Zpex,Control TZ-3YSB-E,Control 70.616 1.0000 
Zpex Smile,Sandblasting-T Zpex Smile,Grinding-T 48.473 1.0000 
Cercon®xt ,Grinding-T Zpex Smile,Grinding-T 38.561 1.0000 
Zpex Smile,Sandblasting-T Cercon®xt ,Grinding-T 9.912 1.0000 
Cercon®xt ,Sandblasting-T Cercon®xt ,Control 1.078 1.0000 
 
Table A 102: Level of significance of flexural strength after aging process among all 
materials groups 
Level - Level Difference Std Err Dif p-Value 
TZ-3YSB-E,24 HT Cercon®xt ,168 HT 906.6043 45.82211 <.0001* 
TZ-3YSB-E,168 HT Cercon®xt ,168 HT 890.7348 44.71309 <.0001* 
TZ-3YSB-E,24 HT Cercon®xt ,24 HT 884.7052 45.11600 <.0001* 
TZ-3YSB-E,168 HT Cercon®xt ,24 HT 868.8358 46.13497 <.0001* 
TZ-3YSB-E,24 HT Zpex Smile,168 HT 863.4225 46.88889 <.0001* 
TZ-3YSB-E,24 HT Cercon®xt ,RT 850.3889 43.57166 <.0001* 
Zpex,24 HT Cercon®xt ,168 HT 849.0810 46.23189 <.0001* 
TZ-3YSB-E,168 HT Zpex Smile,168 HT 847.5531 46.10291 <.0001* 
TZ-3YSB-E,24 HT Zpex Smile,5 HT 847.1035 46.48677 <.0001* 
TZ-3YSB-E,24 HT Zpex Smile,RT 841.0437 45.08666 <.0001* 
TZ-3YSB-E,24 HT Zpex Smile,1 YR 838.8732 42.16777 <.0001* 
TZ-3YSB-E,168 HT Cercon®xt ,RT 834.5195 43.58516 <.0001* 
Zpex,168 HT Cercon®xt ,168 HT 832.0914 46.34093 <.0001* 
TZ-3YSB-E,168 HT Zpex Smile,5 HT 831.2341 46.49129 <.0001* 
TZ-3YSB-E,5 HT Cercon®xt ,168 HT 828.9147 46.17346 <.0001* 
TZ-3YSB-E,24 HT Cercon®xt ,1 YR 827.2608 42.16777 <.0001* 
Zpex,24 HT Cercon®xt ,24 HT 827.1820 45.65379 <.0001* 
TZ-3YSB-E,168 HT Zpex Smile,RT 825.1743 45.09350 <.0001* 
TZ-3YSB-E,168 HT Zpex Smile,1 YR 823.0038 42.17582 <.0001* 
TZ-3YSB-E,24 HT Cercon®xt ,5 HT 818.5333 46.11313 <.0001* 
Zpex,5 HT Cercon®xt ,168 HT 812.3345 46.23591 <.0001* 
TZ-3YSB-E,168 HT Cercon®xt ,1 YR 811.3914 42.17582 <.0001* 
Zpex,168 HT Cercon®xt ,24 HT 810.1923 47.37006 <.0001* 
TZ-3YSB-E,24 HT Zpex Smile,24 HT 808.3510 45.60015 <.0001* 
TZ-3YSB-E,5 HT Cercon®xt ,24 HT 807.0156 46.46655 <.0001* 
Zpex,24 HT Zpex Smile,168 HT 805.8993 47.28106 <.0001* 
TZ-3YSB-E,168 HT Cercon®xt ,5 HT 802.6638 46.13276 <.0001* 
Zpex,24 HT Cercon®xt ,RT 792.8657 43.87553 <.0001* 
TZ-3YSB-E,168 HT Zpex Smile,24 HT 792.4816 46.49368 <.0001* 
Zpex,5 HT Cercon®xt ,24 HT 790.4354 46.54561 <.0001* 




Zpex,168 HT Zpex Smile,168 HT 788.9097 47.59099 <.0001* 
TZ-3YSB-E,RT Cercon®xt ,168 HT 788.8826 42.69045 <.0001* 
TZ-3YSB-E,5 HT Zpex Smile,168 HT 785.7330 47.23615 <.0001* 
Zpex,24 HT Zpex Smile,RT 783.5205 45.47705 <.0001* 
Zpex,24 HT Zpex Smile,1 YR 781.3500 42.60872 <.0001* 
Zpex,168 HT Cercon®xt ,RT 775.8760 44.78904 <.0001* 
TZ-3YSB-E,5 HT Cercon®xt ,RT 772.6993 43.94405 <.0001* 
Zpex,168 HT Zpex Smile,5 HT 772.5906 47.72164 <.0001* 
Zpex,24 HT Cercon®xt ,1 YR 769.7376 42.60872 <.0001* 
TZ-3YSB-E,5 HT Zpex Smile,5 HT 769.4139 46.03633 <.0001* 
Zpex,5 HT Zpex Smile,168 HT 769.1527 47.28461 <.0001* 
TZ-3YSB-E,RT Cercon®xt ,24 HT 766.9835 43.01484 <.0001* 
Zpex,168 HT Zpex Smile,RT 766.5309 46.36393 <.0001* 
Zpex,168 HT Zpex Smile,1 YR 764.3604 43.55636 <.0001* 
TZ-3YSB-E,5 HT Zpex Smile,RT 763.3542 45.45882 <.0001* 
TZ-3YSB-E,5 HT Zpex Smile,1 YR 761.1837 42.56833 <.0001* 
Zpex,24 HT Cercon®xt ,5 HT 761.0100 46.54716 <.0001* 
Zpex,5 HT Cercon®xt ,RT 756.1191 43.87946 <.0001* 
Zpex,5 HT Zpex Smile,5 HT 752.8337 46.11102 <.0001* 
Zpex,168 HT Cercon®xt ,1 YR 752.7480 43.55636 <.0001* 
TZ-3YSB-E,1 YR Cercon®xt ,168 HT 752.4973 42.76483 <.0001* 
Zpex,24 HT Zpex Smile,24 HT 750.8278 46.11102 <.0001* 
TZ-3YSB-E,5 HT Cercon®xt ,1 YR 749.5713 42.56833 <.0001* 
Zpex,5 HT Zpex Smile,RT 746.7739 45.47964 <.0001* 
TZ-3YSB-E,RT Zpex Smile,168 HT 745.7009 43.82011 <.0001* 
Zpex,5 HT Zpex Smile,1 YR 744.6034 42.61120 <.0001* 
Zpex,168 HT Cercon®xt ,5 HT 744.0204 47.37483 <.0001* 
TZ-3YSB-E,5 HT Cercon®xt ,5 HT 740.8437 45.56610 <.0001* 
Zpex,168 HT Zpex Smile,24 HT 733.8382 47.71780 <.0001* 
Zpex,5 HT Cercon®xt ,1 YR 732.9910 42.61120 <.0001* 
TZ-3YSB-E,RT Cercon®xt ,RT 732.6672 39.54116 <.0001* 
TZ-3YSB-E,5 HT Zpex Smile,24 HT 730.6615 46.83799 <.0001* 
TZ-3YSB-E,1 YR Cercon®xt ,24 HT 730.5983 43.10234 <.0001* 
TZ-3YSB-E,RT Zpex Smile,5 HT 729.3818 43.38711 <.0001* 
Zpex,5 HT Cercon®xt ,5 HT 724.2635 45.65387 <.0001* 
TZ-3YSB-E,RT Zpex Smile,RT 723.3220 41.59983 <.0001* 
Zpex,RT Cercon®xt ,168 HT 721.5470 49.75459 <.0001* 
TZ-3YSB-E,RT Zpex Smile,1 YR 721.1515 38.80284 <.0001* 
Zpex,5 HT Zpex Smile,24 HT 714.0812 46.90515 <.0001* 
TZ-3YSB-E,RT Cercon®xt ,1 YR 709.5391 38.80284 <.0001* 
TZ-3YSB-E,1 YR Zpex Smile,168 HT 709.3156 43.95046 <.0001* 
TZ-3YSB-E,RT Cercon®xt ,5 HT 700.8116 43.01554 <.0001* 
Zpex,RT Cercon®xt ,24 HT 699.6479 50.04877 <.0001* 
Zpex,1 YR Cercon®xt ,168 HT 697.9848 41.81605 <.0001* 




TZ-3YSB-E,1 YR Zpex Smile,5 HT 692.9966 43.50983 <.0001* 
TZ-3YSB-E,RT Zpex Smile,24 HT 690.6293 43.38694 <.0001* 
TZ-3YSB-E,1 YR Zpex Smile,RT 686.9368 42.15176 <.0001* 
TZ-3YSB-E,1 YR Zpex Smile,1 YR 684.7663 39.04767 <.0001* 
Zpex,RT Zpex Smile,168 HT 678.3653 50.87904 <.0001* 
Zpex,1 YR Cercon®xt ,24 HT 676.0857 42.16116 <.0001* 
TZ-3YSB-E,1 YR Cercon®xt ,1 YR 673.1539 39.04767 <.0001* 
Zpex,RT Cercon®xt ,RT 665.3316 48.26072 <.0001* 
TZ-3YSB-E,1 YR Cercon®xt ,5 HT 664.4263 43.10595 <.0001* 
Zpex,RT Zpex Smile,5 HT 662.0462 50.46045 <.0001* 
Zpex,RT Zpex Smile,RT 655.9864 49.29590 <.0001* 
Zpex,1 YR Zpex Smile,168 HT 654.8030 43.02783 <.0001* 
TZ-3YSB-E,1 YR Zpex Smile,24 HT 654.2441 43.50707 <.0001* 
Zpex,RT Zpex Smile,1 YR 653.8159 46.86501 <.0001* 
Zpex,RT Cercon®xt ,1 YR 642.2036 46.86501 <.0001* 
Zpex,1 YR Cercon®xt ,RT 641.7694 39.37361 <.0001* 
Zpex,1 YR Zpex Smile,5 HT 638.4840 42.57766 <.0001* 
Zpex,RT Cercon®xt ,5 HT 633.4760 50.04927 <.0001* 
Zpex,1 YR Zpex Smile,RT 632.4242 41.18887 <.0001* 
Zpex,1 YR Zpex Smile,1 YR 630.2537 38.00621 <.0001* 
Zpex,RT Zpex Smile,24 HT 623.2938 50.46039 <.0001* 
Zpex,1 YR Cercon®xt ,1 YR 618.6413 38.00621 <.0001* 
Zpex,1 YR Cercon®xt ,5 HT 609.9138 42.16485 <.0001* 
Zpex,1 YR Zpex Smile,24 HT 599.7315 42.57483 <.0001* 
TZ-3YSB-E,24 HT Zpex,1 YR 208.6195 42.16777 0.0002* 
TZ-3YSB-E,168 HT Zpex,1 YR 192.7501 42.17582 0.0011* 
TZ-3YSB-E,24 HT Zpex,RT 185.0573 50.04400 0.0325* 
TZ-3YSB-E,168 HT Zpex,RT 169.1878 50.06819 0.0883 
TZ-3YSB-E,24 HT TZ-3YSB-E,1 YR 154.1069 43.10881 0.0486* 
Zpex,24 HT Zpex,1 YR 151.0963 42.60872 0.0533 
TZ-3YSB-E,168 HT TZ-3YSB-E,1 YR 138.2375 43.11668 0.1426 
Zpex,168 HT Zpex,1 YR 134.1066 43.55636 0.1966 
TZ-3YSB-E,5 HT Zpex,1 YR 130.9299 42.56833 0.1981 
Zpex,24 HT Zpex,RT 127.5340 51.30737 0.5956 
TZ-3YSB-E,24 HT TZ-3YSB-E,RT 117.7217 42.59966 0.3850 
Zpex,5 HT Zpex,1 YR 114.3497 42.61120 0.4432 
Zpex,168 HT Zpex,RT 110.5444 51.94349 0.8405 
TZ-3YSB-E,5 HT Zpex,RT 107.3677 50.40554 0.8395 
TZ-3YSB-E,168 HT TZ-3YSB-E,RT 101.8522 42.60875 0.6683 
Zpex Smile,24 HT Cercon®xt ,168 HT 98.2532 46.17732 0.8407 
Zpex,24 HT TZ-3YSB-E,1 YR 96.5837 43.54023 0.7877 
TZ-3YSB-E,24 HT Zpex,5 HT 94.2698 46.55164 0.8907 
TZ-3YSB-E,RT Zpex,1 YR 90.8978 38.80284 0.7035 
Zpex,5 HT Zpex,RT 90.7875 51.30714 0.9675 




Zpex,168 HT TZ-3YSB-E,1 YR 79.5941 44.46802 0.9636 
Cercon®xt ,1 YR Cercon®xt ,168 HT 79.3434 41.81605 0.9371 
TZ-3YSB-E,168 HT Zpex,5 HT 78.4003 46.54515 0.9805 
TZ-3YSB-E,24 HT TZ-3YSB-E,5 HT 77.6896 45.82113 0.9791 
TZ-3YSB-E,5 HT TZ-3YSB-E,1 YR 76.4174 43.50070 0.9698 
Zpex Smile,24 HT Cercon®xt ,24 HT 76.3542 45.58931 0.9816 
TZ-3YSB-E,24 HT Zpex,168 HT 74.5129 47.37654 0.9909 
Zpex Smile,1 YR Cercon®xt ,168 HT 67.7310 41.81605 0.9873 
TZ-3YSB-E,RT Zpex,RT 67.3356 47.77762 0.9976 
Cercon®xt ,5 HT Cercon®xt ,24 HT 66.1719 45.40242 0.9963 
Zpex Smile,RT Cercon®xt ,168 HT 65.5605 44.75024 0.9961 
TZ-3YSB-E,168 HT TZ-3YSB-E,5 HT 61.8201 45.83378 0.9986 
Zpex,24 HT TZ-3YSB-E,RT 60.1984 43.36214 0.9980 
Zpex,5 HT TZ-3YSB-E,1 YR 59.8371 43.54265 0.9983 
Zpex Smile,5 HT Cercon®xt ,168 HT 59.5008 46.18166 0.9993 
TZ-3YSB-E,168 HT Zpex,168 HT 58.6434 46.71552 0.9995 
TZ-3YSB-E,24 HT Zpex,24 HT 57.5232 45.66659 0.9995 
Cercon®xt ,1 YR Cercon®xt ,24 HT 57.4444 42.16116 0.9984 
Cercon®xt ,RT Cercon®xt ,168 HT 56.2154 42.70047 0.9990 
Zpex Smile,24 HT Zpex Smile,168 HT 55.0715 46.70209 0.9998 
TZ-3YSB-E,1 YR Zpex,1 YR 54.5126 39.04767 0.9979 
Zpex Smile,1 YR Cercon®xt ,24 HT 45.8320 42.16116 0.9999 
Cercon®xt ,5 HT Zpex Smile,168 HT 44.8893 46.88871 1.0000 
Zpex Smile,RT Cercon®xt ,24 HT 43.6615 45.07173 1.0000 
Zpex,168 HT TZ-3YSB-E,RT 43.2088 44.28374 1.0000 
Zpex Smile,168 HT Cercon®xt ,168 HT 43.1817 45.71376 1.0000 
Zpex Smile,24 HT Cercon®xt ,RT 42.0379 43.91010 1.0000 
TZ-3YSB-E,168 HT Zpex,24 HT 41.6538 46.54785 1.0000 
TZ-3YSB-E,5 HT TZ-3YSB-E,RT 40.0321 43.02273 1.0000 
Zpex Smile,24 HT Zpex Smile,5 HT 38.7525 46.23233 1.0000 
Zpex Smile,5 HT Cercon®xt ,24 HT 37.6017 46.48268 1.0000 
Zpex,24 HT Zpex,5 HT 36.7465 46.23233 1.0000 
TZ-3YSB-E,RT TZ-3YSB-E,1 YR 36.3852 39.82347 1.0000 
Cercon®xt ,1 YR Zpex Smile,168 HT 36.1617 43.02783 1.0000 
Cercon®xt ,RT Cercon®xt ,24 HT 34.3163 43.06345 1.0000 
Zpex Smile,24 HT Zpex Smile,RT 32.6927 45.38576 1.0000 
Cercon®xt ,5 HT Cercon®xt ,RT 31.8556 43.06879 1.0000 
TZ-3YSB-E,1 YR Zpex,RT 30.9503 47.71350 1.0000 
Zpex Smile,24 HT Zpex Smile,1 YR 30.5222 42.57483 1.0000 
Cercon®xt ,5 HT Zpex Smile,5 HT 28.5702 45.58936 1.0000 
Zpex Smile,1 YR Zpex Smile,168 HT 24.5493 43.02783 1.0000 
Zpex,RT Zpex,1 YR 23.5622 46.86501 1.0000 
Zpex,5 HT TZ-3YSB-E,RT 23.4519 43.36198 1.0000 
Cercon®xt ,1 YR Cercon®xt ,RT 23.1281 39.37361 1.0000 




Zpex Smile,RT Zpex Smile,168 HT 22.3788 45.81699 1.0000 
Cercon®xt ,24 HT Cercon®xt ,168 HT 21.8991 45.03918 1.0000 
Zpex Smile,168 HT Cercon®xt ,24 HT 21.2827 46.88392 1.0000 
Cercon®xt ,5 HT Zpex Smile,1 YR 20.3399 42.16485 1.0000 
Zpex,24 HT TZ-3YSB-E,5 HT 20.1663 46.89953 1.0000 
Cercon®xt ,1 YR Zpex Smile,5 HT 19.8427 42.57766 1.0000 
Zpex,168 HT Zpex,5 HT 19.7569 47.23570 1.0000 
Zpex Smile,24 HT Cercon®xt ,1 YR 18.9098 42.57483 1.0000 
Zpex,24 HT Zpex,168 HT 16.9896 47.23213 1.0000 
TZ-3YSB-E,5 HT Zpex,5 HT 16.5802 46.09863 1.0000 
Zpex Smile,5 HT Zpex Smile,168 HT 16.3190 46.70599 1.0000 
TZ-3YSB-E,24 HT TZ-3YSB-E,168 HT 15.8694 45.41058 1.0000 
Cercon®xt ,1 YR Zpex Smile,RT 13.7829 41.18887 1.0000 
Cercon®xt ,RT Zpex Smile,168 HT 13.0336 44.34024 1.0000 
Cercon®xt ,1 YR Zpex Smile,1 YR 11.6124 38.00621 1.0000 
Zpex Smile,1 YR Cercon®xt ,RT 11.5157 39.37361 1.0000 
Zpex Smile,24 HT Cercon®xt ,5 HT 10.1822 46.48357 1.0000 
Zpex Smile,RT Cercon®xt ,RT 9.3452 42.03692 1.0000 
Cercon®xt ,5 HT Cercon®xt ,1 YR 8.7276 42.16485 1.0000 
Zpex Smile,1 YR Zpex Smile,5 HT 8.2303 42.57766 1.0000 
Zpex Smile,RT Zpex Smile,5 HT 6.0598 45.38868 1.0000 
Zpex Smile,5 HT Cercon®xt ,RT 3.2854 43.91436 1.0000 
Zpex,168 HT TZ-3YSB-E,5 HT 3.1767 47.72005 1.0000 
Zpex Smile,1 YR Zpex Smile,RT 2.1705 41.18887 1.0000 
 
Table A 103: Aging process effect on the flexural strength of all materials control 
(no treatment) group 
Level - Level Difference p-Value 
Zpex,168 HT Cercon®xt ,24 HT 789.4782 <.0001* 
Zpex,168 HT Cercon®xt ,168 HT 786.6976 <.0001* 
Zpex,168 HT Cercon®xt ,RT 727.9737 <.0001* 
Zpex,168 HT Cercon®xt ,5 HT 686.7975 <.0001* 
Zpex,168 HT Zpex Smile,1 YR 682.3650 <.0001* 
Zpex,168 HT Cercon®xt ,1 YR 660.2537 <.0001* 
Zpex,168 HT Zpex Smile,5 HT 639.1900 <.0001* 
Zpex,168 HT Zpex Smile,168 HT 622.7347 <.0001* 
Zpex,24 HT Cercon®xt ,24 HT 615.6680 <.0001* 
Zpex,24 HT Cercon®xt ,168 HT 612.8875 <.0001* 
Zpex,168 HT Zpex Smile,RT 603.1615 <.0001* 
Zpex,168 HT Zpex Smile,24 HT 597.7137 <.0001* 
TZ-3YSB-E,168 HT Cercon®xt ,24 HT 570.3586 <.0001* 
TZ-3YSB-E,168 HT Cercon®xt ,168 HT 567.5780 <.0001* 




Zpex,RT Cercon®xt ,24 HT 547.3277 <.0001* 
TZ-3YSB-E,24 HT Cercon®xt ,24 HT 546.4769 <.0001* 
Zpex,RT Cercon®xt ,168 HT 544.5471 <.0001* 
TZ-3YSB-E,24 HT Cercon®xt ,168 HT 543.6964 <.0001* 
Zpex,1 YR Cercon®xt ,24 HT 519.2292 <.0001* 
Zpex,1 YR Cercon®xt ,168 HT 516.4486 <.0001* 
Zpex,24 HT Cercon®xt ,5 HT 512.9874 <.0001* 
TZ-3YSB-E,168 HT Cercon®xt ,RT 508.8541 <.0001* 
Zpex,24 HT Zpex Smile,1 YR 508.5549 <.0001* 
Zpex,24 HT Cercon®xt ,1 YR 486.4435 <.0001* 
Zpex,RT Cercon®xt ,RT 485.8232 <.0001* 
TZ-3YSB-E,24 HT Cercon®xt ,RT 484.9724 <.0001* 
TZ-3YSB-E,RT Cercon®xt ,24 HT 476.7118 <.0001* 
TZ-3YSB-E,RT Cercon®xt ,168 HT 473.9312 <.0001* 
TZ-3YSB-E,1 YR Cercon®xt ,24 HT 472.9878 <.0001* 
TZ-3YSB-E,1 YR Cercon®xt ,168 HT 470.2072 <.0001* 
TZ-3YSB-E,168 HT Cercon®xt ,5 HT 467.6779 <.0001* 
Zpex,24 HT Zpex Smile,5 HT 465.3798 <.0001* 
TZ-3YSB-E,168 HT Zpex Smile,1 YR 463.2454 <.0001* 
Zpex,1 YR Cercon®xt ,RT 457.7247 <.0001* 
Zpex,24 HT Zpex Smile,168 HT 448.9246 <.0001* 
Zpex,RT Cercon®xt ,5 HT 444.6470 0.0001* 
TZ-3YSB-E,24 HT Cercon®xt ,5 HT 443.7963 <.0001* 
TZ-3YSB-E,168 HT Cercon®xt ,1 YR 441.1341 <.0001* 
Zpex,RT Zpex Smile,1 YR 440.2145 0.0002* 
TZ-3YSB-E,24 HT Zpex Smile,1 YR 439.3638 <.0001* 
Zpex,5 HT Cercon®xt ,24 HT 433.5550 <.0001* 
Zpex,5 HT Cercon®xt ,168 HT 430.7744 <.0001* 
Zpex,24 HT Zpex Smile,RT 429.3514 <.0001* 
Zpex,24 HT Zpex Smile,24 HT 423.9035 <.0001* 
TZ-3YSB-E,168 HT Zpex Smile,5 HT 420.0704 <.0001* 
Zpex,168 HT TZ-3YSB-E,5 HT 418.6249 <.0001* 
Zpex,RT Cercon®xt ,1 YR 418.1032 0.0006* 
TZ-3YSB-E,24 HT Cercon®xt ,1 YR 417.2524 <.0001* 
Zpex,1 YR Cercon®xt ,5 HT 416.5485 <.0001* 
TZ-3YSB-E,RT Cercon®xt ,RT 415.2073 <.0001* 
Zpex,1 YR Zpex Smile,1 YR 412.1161 <.0001* 
TZ-3YSB-E,1 YR Cercon®xt ,RT 411.4833 <.0001* 
TZ-3YSB-E,168 HT Zpex Smile,168 HT 403.6151 <.0001* 




TZ-3YSB-E,24 HT Zpex Smile,5 HT 396.1887 <.0001* 
Zpex,1 YR Cercon®xt ,1 YR 390.0047 <.0001* 
TZ-3YSB-E,168 HT Zpex Smile,RT 384.0419 <.0001* 
Zpex,RT Zpex Smile,168 HT 380.5843 0.0035* 
TZ-3YSB-E,24 HT Zpex Smile,168 HT 379.7335 <.0001* 
TZ-3YSB-E,168 HT Zpex Smile,24 HT 378.5941 <.0001* 
TZ-3YSB-E,RT Cercon®xt ,5 HT 374.0311 <.0001* 
Zpex,5 HT Cercon®xt ,RT 372.0505 <.0001* 
TZ-3YSB-E,5 HT Cercon®xt ,24 HT 370.8532 <.0001* 
TZ-3YSB-E,1 YR Cercon®xt ,5 HT 370.3071 <.0001* 
TZ-3YSB-E,RT Zpex Smile,1 YR 369.5986 <.0001* 
Zpex,1 YR Zpex Smile,5 HT 368.9410 <.0001* 
TZ-3YSB-E,5 HT Cercon®xt ,168 HT 368.0727 <.0001* 
TZ-3YSB-E,1 YR Zpex Smile,1 YR 365.8746 <.0001* 
Zpex,RT Zpex Smile,RT 361.0110 0.0111* 
TZ-3YSB-E,24 HT Zpex Smile,RT 360.1603 <.0001* 
Zpex,168 HT Zpex,5 HT 355.9232 <.0001* 
Zpex,RT Zpex Smile,24 HT 355.5632 0.0092* 
TZ-3YSB-E,24 HT Zpex Smile,24 HT 354.7124 <.0001* 
Zpex,1 YR Zpex Smile,168 HT 352.4858 <.0001* 
TZ-3YSB-E,RT Cercon®xt ,1 YR 347.4873 <.0001* 
TZ-3YSB-E,1 YR Cercon®xt ,1 YR 343.7633 <.0001* 
Zpex,1 YR Zpex Smile,RT 332.9126 <.0001* 
Zpex,5 HT Cercon®xt ,5 HT 330.8743 <.0001* 
Zpex,1 YR Zpex Smile,24 HT 327.4647 <.0001* 
Zpex,5 HT Zpex Smile,1 YR 326.4418 <.0001* 
TZ-3YSB-E,RT Zpex Smile,5 HT 326.4236 <.0001* 
TZ-3YSB-E,1 YR Zpex Smile,5 HT 322.6996 <.0001* 
Zpex,168 HT TZ-3YSB-E,1 YR 316.4904 <.0001* 
Zpex,168 HT TZ-3YSB-E,RT 312.7664 <.0001* 
TZ-3YSB-E,RT Zpex Smile,168 HT 309.9684 <.0001* 
TZ-3YSB-E,5 HT Cercon®xt ,RT 309.3487 <.0001* 
TZ-3YSB-E,1 YR Zpex Smile,168 HT 306.2443 <.0001* 
Zpex,5 HT Cercon®xt ,1 YR 304.3305 <.0001* 
TZ-3YSB-E,RT Zpex Smile,RT 290.3951 <.0001* 
TZ-3YSB-E,1 YR Zpex Smile,RT 286.6711 <.0001* 
TZ-3YSB-E,RT Zpex Smile,24 HT 284.9473 <.0001* 
Zpex,5 HT Zpex Smile,5 HT 283.2668 <.0001* 
TZ-3YSB-E,1 YR Zpex Smile,24 HT 281.2233 <.0001* 




TZ-3YSB-E,5 HT Cercon®xt ,5 HT 268.1726 <.0001* 
Zpex,5 HT Zpex Smile,168 HT 266.8115 <.0001* 
TZ-3YSB-E,5 HT Zpex Smile,1 YR 263.7401 <.0001* 
Zpex,5 HT Zpex Smile,RT 247.2383 0.0008* 
Zpex,24 HT TZ-3YSB-E,5 HT 244.8148 0.0002* 
Zpex,168 HT TZ-3YSB-E,24 HT 243.0012 0.0004* 
Zpex,168 HT Zpex,RT 242.1505 0.4043 
Zpex,5 HT Zpex Smile,24 HT 241.7905 0.0002* 
TZ-3YSB-E,5 HT Cercon®xt ,1 YR 241.6287 0.0004* 
TZ-3YSB-E,5 HT Zpex Smile,5 HT 220.5650 0.0014* 
Zpex,168 HT TZ-3YSB-E,168 HT 219.1196 0.0029* 
TZ-3YSB-E,5 HT Zpex Smile,168 HT 204.1098 0.0079* 
TZ-3YSB-E,168 HT TZ-3YSB-E,5 HT 199.5053 0.0055* 
Zpex Smile,24 HT Cercon®xt ,24 HT 191.7645 0.0102* 
Zpex Smile,24 HT Cercon®xt ,168 HT 188.9839 0.0096* 
Zpex Smile,RT Cercon®xt ,24 HT 186.3167 0.0471* 
TZ-3YSB-E,5 HT Zpex Smile,RT 184.5366 0.0635 
Zpex Smile,RT Cercon®xt ,168 HT 183.5361 0.0468* 
Zpex,24 HT Zpex,5 HT 182.1131 0.0276* 
TZ-3YSB-E,5 HT Zpex Smile,24 HT 179.0888 0.0338* 
Zpex,RT TZ-3YSB-E,5 HT 176.4744 0.8849 
TZ-3YSB-E,24 HT TZ-3YSB-E,5 HT 175.6237 0.0331* 
Zpex,168 HT Zpex,24 HT 173.8101 0.0831 
Zpex Smile,168 HT Cercon®xt ,24 HT 166.7434 0.0775 
Zpex Smile,168 HT Cercon®xt ,168 HT 163.9628 0.0768 
Zpex Smile,5 HT Cercon®xt ,24 HT 150.2882 0.1563 
Zpex,1 YR TZ-3YSB-E,5 HT 148.3760 0.2395 
Zpex Smile,5 HT Cercon®xt ,168 HT 147.5076 0.1562 
Zpex,24 HT TZ-3YSB-E,1 YR 142.6803 0.3575 
Zpex,24 HT TZ-3YSB-E,RT 138.9563 0.2414 
TZ-3YSB-E,168 HT Zpex,5 HT 136.8036 0.2992 
Zpex Smile,24 HT Cercon®xt ,RT 130.2600 0.3544 
Cercon®xt ,1 YR Cercon®xt ,24 HT 129.2245 0.4553 
Cercon®xt ,1 YR Cercon®xt ,168 HT 126.4439 0.4631 
Zpex Smile,RT Cercon®xt ,RT 124.8122 0.6165 
Zpex,RT Zpex,5 HT 113.7727 0.9990 
TZ-3YSB-E,24 HT Zpex,5 HT 112.9220 0.6644 
Zpex Smile,1 YR Cercon®xt ,24 HT 107.1132 0.7877 
TZ-3YSB-E,RT TZ-3YSB-E,5 HT 105.8585 0.7404 




Zpex Smile,1 YR Cercon®xt ,168 HT 104.3326 0.7992 
Cercon®xt ,5 HT Cercon®xt ,24 HT 102.6807 0.7803 
TZ-3YSB-E,1 YR TZ-3YSB-E,5 HT 102.1345 0.8938 
Cercon®xt ,5 HT Cercon®xt ,168 HT 99.9001 0.7911 
TZ-3YSB-E,168 HT TZ-3YSB-E,1 YR 97.3708 0.9159 
Zpex,24 HT Zpex,1 YR 96.4388 0.9162 
TZ-3YSB-E,168 HT TZ-3YSB-E,RT 93.6468 0.8671 
Zpex Smile,24 HT Cercon®xt ,5 HT 89.0838 0.9373 
Zpex Smile,5 HT Cercon®xt ,RT 88.7837 0.9283 
Zpex,1 YR Zpex,5 HT 85.6742 0.9719 
Zpex Smile,24 HT Zpex Smile,1 YR 84.6513 0.9751 
Zpex Smile,RT Cercon®xt ,5 HT 83.6360 0.9862 
Zpex Smile,RT Zpex Smile,1 YR 79.2035 0.9953 
Zpex,RT TZ-3YSB-E,1 YR 74.3399 1.0000 
TZ-3YSB-E,24 HT TZ-3YSB-E,1 YR 73.4892 0.9954 
Zpex,RT TZ-3YSB-E,RT 70.6159 1.0000 
TZ-3YSB-E,24 HT TZ-3YSB-E,RT 69.7652 0.9921 
Zpex,24 HT TZ-3YSB-E,24 HT 69.1911 0.9957 
Zpex,24 HT Zpex,RT 68.3403 1.0000 
Cercon®xt ,1 YR Cercon®xt ,RT 67.7200 0.9970 
Zpex Smile,168 HT Cercon®xt ,5 HT 64.0628 0.9988 
Zpex,5 HT TZ-3YSB-E,5 HT 62.7017 0.9991 
Zpex Smile,24 HT Cercon®xt ,1 YR 62.5400 0.9993 
Cercon®xt ,RT Cercon®xt ,24 HT 61.5045 0.9983 
Zpex Smile,168 HT Zpex Smile,1 YR 59.6303 0.9998 
Cercon®xt ,RT Cercon®xt ,168 HT 58.7239 0.9988 
Zpex Smile,RT Cercon®xt ,1 YR 57.0922 0.9999 
TZ-3YSB-E,168 HT Zpex,1 YR 51.1293 1.0000 
Zpex Smile,5 HT Cercon®xt ,5 HT 47.6075 1.0000 
Zpex,1 YR TZ-3YSB-E,1 YR 46.2415 1.0000 
Zpex Smile,1 YR Cercon®xt ,RT 45.6086 1.0000 
Zpex,24 HT TZ-3YSB-E,168 HT 45.3095 1.0000 
Zpex Smile,5 HT Zpex Smile,1 YR 43.1750 1.0000 
TZ-3YSB-E,RT Zpex,5 HT 43.1568 1.0000 
Zpex,1 YR TZ-3YSB-E,RT 42.5174 1.0000 
Zpex Smile,24 HT Zpex Smile,5 HT 41.4763 1.0000 
Cercon®xt ,5 HT Cercon®xt ,RT 41.1762 1.0000 
TZ-3YSB-E,1 YR Zpex,5 HT 39.4328 1.0000 
Zpex Smile,168 HT Cercon®xt ,1 YR 37.5189 1.0000 




Zpex,RT Zpex,1 YR 28.0985 1.0000 
TZ-3YSB-E,24 HT Zpex,1 YR 27.2477 1.0000 
Cercon®xt ,1 YR Cercon®xt ,5 HT 26.5438 1.0000 
Zpex Smile,24 HT Zpex Smile,168 HT 25.0211 1.0000 
TZ-3YSB-E,168 HT TZ-3YSB-E,24 HT 23.8816 1.0000 
TZ-3YSB-E,168 HT Zpex,RT 23.0309 1.0000 
Cercon®xt ,1 YR Zpex Smile,1 YR 22.1114 1.0000 
Zpex Smile,5 HT Cercon®xt ,1 YR 21.0637 1.0000 
Zpex Smile,RT Zpex Smile,168 HT 19.5732 1.0000 
Zpex Smile,168 HT Zpex Smile,5 HT 16.4552 1.0000 
Zpex Smile,24 HT Zpex Smile,RT 5.4478 1.0000 
Zpex Smile,1 YR Cercon®xt ,5 HT 4.4325 1.0000 
TZ-3YSB-E,RT TZ-3YSB-E,1 YR 3.7240 1.0000 
Cercon®xt ,168 HT Cercon®xt ,24 HT 2.7806 1.0000 
Zpex,RT TZ-3YSB-E,24 HT 0.8508 1.0000 
 
Table A 104: Level of significance of flexural strength between all materials 
Level - Level Difference Std Err Dif p-Value 
TZ-3YSB-E Cercon®xt 639.4997 28.41478 <.0001* 
TZ-3YSB-E Zpex Smile 620.8633 29.49412 <.0001* 
Zpex Cercon®xt 590.0809 34.71733 <.0001* 
Zpex Zpex Smile 571.4446 35.60613 <.0001* 
TZ-3YSB-E Zpex 49.4188 34.26623 0.4750 
Zpex Smile Cercon®xt 18.6363 30.01703 0.9253 
 
Table A 105: Level of significance of surface treatments on the flexural strength of 
all materials 
Level - Level Difference Std Err Dif p-Value 
Sandblasting-T Control 172.4505 42.85946 0.0008* 
Sandblasting-T Grinding-T 166.0313 37.41468 0.0002* 
Sandblasting-T Grinding-C 160.5569 36.61189 0.0002* 
Sandblasting-T Sandblasting-C 129.3906 37.40264 0.0062* 
Sandblasting-C Control 43.0599 37.59566 0.7821 
Sandblasting-C Grinding-T 36.6407 31.24675 0.7670 
Sandblasting-C Grinding-C 31.1663 30.28087 0.8415 
Grinding-C Control 11.8937 36.80905 0.9976 
Grinding-T Control 6.4192 37.60764 0.9998 







Table A 106: Level of significance of flexural strength after surface treatments 
among 3YTZP groups 
Level - Level Difference Std Err Dif p-Value 
Sandblasting-T Control 509.5311 41.39106 <.0001* 
Sandblasting-T Grinding-C 507.0227 42.70818 <.0001* 
Sandblasting-T Sandblasting-C 433.4095 42.88257 <.0001* 
Grinding-T Control 392.6729 39.76388 <.0001* 
Grinding-T Grinding-C 390.1646 41.13314 <.0001* 
Grinding-T Sandblasting-C 316.5513 41.31418 <.0001* 
Sandblasting-T Grinding-T 116.8582 45.96581 0.0853 
Sandblasting-C Control 76.1215 36.15558 0.2216 
Sandblasting-C Grinding-C 73.6132 37.65626 0.2919 
Grinding-C Control 2.5083 35.94857 1.0000 
 
Table A 107: Level of significance of flexural strength after aging process among 
3YTZP groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
1 YR 5 HT 195.7316 64.46541 18.354 373.1092 0.0224* 
168 HT 5 HT 170.0901 55.90726 16.260 323.9199 0.0220* 
RT 5 HT 120.9468 53.78082 -27.032 268.9257 0.1661 
24 HT 5 HT 113.5847 55.31606 -38.618 265.7878 0.2445 
1 YR 24 HT 82.1469 63.67821 -93.065 257.3586 0.6977 
1 YR RT 74.7847 62.34921 -96.770 246.3396 0.7517 
168 HT 24 HT 56.5055 54.99770 -94.822 207.8326 0.8425 
168 HT RT 49.1433 53.45332 -97.934 196.2210 0.8892 
1 YR 168 HT 25.6414 64.19245 -150.985 202.2680 0.9946 
RT 24 HT 7.3622 52.83466 -138.013 152.7376 0.9999 
 
Table A 108: Level of significance of flexural strength after surface treatments 
among Zpex groups 
Level - Level Difference Std Err Dif p-Value 
Sandblasting-T Control 320.7658 47.34322 <.0001* 
Sandblasting-T Grinding-C 309.0441 48.06729 <.0001* 
Sandblasting-T Sandblasting-C 256.3645 48.06729 <.0001* 
Sandblasting-T Grinding-T 165.0697 49.85183 0.0098* 
Grinding-T Control 155.6961 45.67335 0.0071* 
Grinding-T Grinding-C 143.9745 46.42347 0.0187* 
Grinding-T Sandblasting-C 91.2948 46.42347 0.2866 
Sandblasting-C Control 64.4013 43.71858 0.5813 
Sandblasting-C Grinding-C 52.6797 44.50166 0.7607 






Table A 109: Level of significance of flexural strength after aging process among 
Zpex groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
168 HT 5 HT 202.9946 48.82171 68.475 337.5142 0.0005* 
24 HT 5 HT 177.6238 45.95666 50.998 304.2492 0.0014* 
168 HT RT 138.3944 51.90520 -4.621 281.4100 0.0631 
24 HT RT 113.0236 49.21997 -22.593 248.6405 0.1508 
168 HT 1 YR 104.9095 53.63174 -42.863 252.6822 0.2919 
1 YR 5 HT 98.0851 51.03742 -42.539 238.7097 0.3095 
24 HT 1 YR 79.5386 51.03742 -61.086 220.1632 0.5260 
RT 5 HT 64.6002 49.21997 -71.017 200.2171 0.6838 
1 YR RT 33.4849 53.99453 -115.287 182.2573 0.9717 
168 HT 24 HT 25.3708 48.82171 -109.149 159.8904 0.9853 
 
Table A 110: Level of significance of flexural strength after surface treatments 
among Zpex Smile groups 
Level - Level Difference Std Err Dif p-Value 
Control Grinding-T 199.3972 20.76135 <.0001* 
Sandblasting-C Grinding-T 190.7270 21.67934 <.0001* 
Control Sandblasting-T 186.7289 21.75528 <.0001* 
Sandblasting-C Sandblasting-T 178.0587 22.63299 <.0001* 
Grinding-C Grinding-T 170.3067 20.93870 <.0001* 
Grinding-C Sandblasting-T 157.6384 21.92458 <.0001* 
Control Grinding-C 29.0905 19.03587 0.5454 
Sandblasting-C Grinding-C 20.4203 20.03308 0.8462 
Sandblasting-T Grinding-T 12.6683 23.43836 0.9830 
Control Sandblasting-C 8.6702 19.84765 0.9924 
 
Table A 111: Level of significance of flexural strength after aging process among 
Zpex Smile groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
24 HT 1 YR 94.03807 29.05559 14.0493 174.0268 0.0122* 
168 HT 1 YR 86.78875 29.19223 6.4238 167.1537 0.0271* 
24 HT 5 HT 67.38286 26.16311 -4.6430 139.4088 0.0789 
168 HT 5 HT 60.13354 26.31478 -12.3099 132.5770 0.1540 
24 HT RT 52.37182 26.31478 -20.0716 124.8153 0.2746 
168 HT RT 45.12250 26.46559 -27.7361 117.9811 0.4333 
RT 1 YR 41.66625 29.19223 -38.6987 122.0312 0.6108 
5 HT 1 YR 26.65521 29.05559 -53.3336 106.6440 0.8900 
RT 5 HT 15.01104 26.31478 -57.4324 87.4545 0.9792 







Table A 112: Level of significance of flexural strength after surface treatments 
among Cercon®xt groups 
Level - Level Difference Std Err Dif p-Value 
Sandblasting-C Grinding-T 101.6849 16.35700 <.0001* 
Sandblasting-C Sandblasting-T 82.0194 17.12046 <.0001* 
Grinding-C Grinding-T 79.2027 16.08088 <.0001* 
Control Grinding-T 68.2781 15.58231 0.0002* 
Grinding-C Sandblasting-T 59.5372 16.85685 0.0045* 
Control Sandblasting-T 48.6126 16.38192 0.0273* 
Sandblasting-C Control 33.4068 14.27076 0.1361 
Sandblasting-C Grinding-C 22.4822 14.81354 0.5521 
Sandblasting-T Grinding-T 19.6655 18.22811 0.8173 
Grinding-C Control 10.9246 13.95341 0.9353 
 
Table A 113: Level of significance of flexural strength after aging process among 
Cercon®xt groups 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
5 HT 168 HT 70.98473 15.89562 27.2598 114.7096 0.0001* 
5 HT 24 HT 60.53017 15.97906 16.5758 104.4846 0.0018* 
5 HT 1 YR 42.08515 18.10177 -7.7083 91.8786 0.1410 
5 HT RT 35.77396 15.66261 -7.3100 78.8579 0.1540 
RT 168 HT 35.21076 15.57747 -7.6390 78.0605 0.1620 
1 YR 168 HT 28.89958 18.02815 -20.6914 78.4905 0.4971 
RT 24 HT 24.75621 15.66261 -18.3277 67.8401 0.5114 
1 YR 24 HT 18.44502 18.10177 -31.3484 68.2385 0.8464 
24 HT 168 HT 10.45456 15.89562 -33.2703 54.1794 0.9650 
RT 1 YR 6.31118 17.82305 -42.7156 55.3379 0.9966 
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